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(57) Abstract 

TTiis invention relates to a class of checkpoint genes and their polypeptide products whidi control progression through the cell cycle in 
eukaiyotic cells. In particular this invention relates to Schizpsaecharomyces pcmbe radS gene, to its human homologue (ATR) and to their 
encod ed proteins. The invention ftuther relates to assay methods for selecting compounds which modulate the activity of the polypeptide 
products of these checkpoint genes and the use of die selected cmnpounds in anticancer dierapy. 
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Cell-cycle checkpoint genes 

The present invention relates to a class of checkpoint genes which control progression throagh 
the cell cycle in eukaryotic cells. 

BadcgTonnd to the inventign, 

Control of the ceU cycle is fundamental to the growth and maintenance of eukaryotic 
orgaaistns. fhmi yeasts to mammals. Eukaryotic cells have evolved control pathways, termed 
•checkpoints" which ensure that individual steps of the ceU cycle are completed before the 
next step occurs. In response to DNA damage. ceU survival is increased both by direct DNA 
repair mschanisms and by delaying progression through the ceU cycle. Depending on the 
position of the ceU widiin the cycle at the time of inadiatioQ, DNA damage in mammalian 
cells can prevent (a) passage from Gl into S phase, (b) progression through S phase or (c) 
passage from G2 into mitosis. Such checkpoints are thought to prevent deleterious events such 
as replication of damaged DNA and the segregation of fragmented chromosomes during 
mitosis (Hartwell and Kastan, 1994). 

The rad3 gene of Schizosaccharomyces pombe is required for the checkpoints that respond 
to DNA damage and repUcation blocks. Rad3 is a member of the lipid kinase subclass of 
kinases which possess regions having sequence homology to the lipid kinase domain of the 
plIO subunit of phosphatidylinositol-3 kinase (PI-3 kinase). This subclass also includes the 
ATM protein defective m ataxU-telangiectasia patients. Cells from ataxia telangiectasia 
patients (AT cells) have lost the delay to S phase following irradiation and are said to display 
radio resistant DNA synthesis (Painter and Young. 1989). AT ceUs irradiated in S phase 
accumulate in G2 with lethal damage, presumably as a consequence of attempting to replicate 
damaged DNA. AT cells irradiated during G2 display a different phenotype: they do not 
arrest mitosis after DNA damage, and progress through mitosis with damaged DNA (Beamish 
and Uvin. 1994). Mutations at the A-T locus, to which the ATM gene has been mapped, 
thus rcsuk in disruption of several checkpoints required for an appropriate response to 
ionising radiation. Other members of this lipid kinase subclass include: Tellp (Greenwell et 
al. 1985). a gene mvolved in maintaining proper telomere length in Saccharomyces 
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cerevisiar, Esrip; Meclp axxi the product of the Drosophila melanogaster mei-41 checkpoint 
gene (Hah et al. 1995). 



S Disclosure of the invention. 

We have analyzed the S. pombe radS gene and found that it has a full length aTnmn acid 
sequence of 2386 amino acids, not the 1070 amino acids described by Seaton et al. 1992. 
We have determined that this is the dixect homologue of S. cerevisiae Esrlp. and that it 
10 shares the same overall structure as the ATM gene. Tbt C-texminal region of die radS 
protein contains a lipid kinase domain, which is required for Rad3 function. We have shown 
that Rad3 is capable of self association. We have also identified a protein kinase activity 
associated with Rad3. 

IS Further, we have found a human homologue to rad3. This gene, which we have named ATR 
(ataxia and rad related), displays significantly higher homology to rad3 than it does to the 
ATM gene. 

The human ATR cDNA sequence is set out as Seq. ID No. 1. The amino acid sequence of 
20 the ORF from nucleotides 80 and 8011 is set out as Seq. ID No. 2. 

The DNA sequence of the open reading frame (ORF) of rad3 is shown as Seq. ID. No. 3. 
The 2386 amino acid translation of the gene (nucleotides 585 to 7742 of Seq. ID No. 3) is 
shown as Seq. ID. No. 4. 

25 

Accordingly, in a first aspect, the invention provides the ATR protein of Seq. ID. 2 and 
homologues thereof, polypeptide fragments thereof, as well as antibodies capable of binding 
the ATR protein or polypeptide fragments thereof. ATR proteins, homologues and fragments 
thereof are referred to below as polypeptides of the invention. 

30 

In another aspect, the present invention provides a polynucleotide in substantially isolated 
form capable of hybridising selectively to Seq. ID No 1 or to the complement (i.e. opposite 
strand) thereof. Also provided are polynucleotides encoding polypeptides of the invention. 
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Such polynucleotides wiU be refened to as a polynucleotide of the invention. A 
polynucleotides of the invention includes DNA of Seq.ID N $ 1 and fragments thereof 
capable of selectively hybridising to this gene. 

In a fimher aspect, the invention provides recombinant vecton carrying a polynucleotide of 
the invention, including expression vecton. and methods of growing such vectors in a suitable 
host ceU. for example under conditions in which expression of a protein or polypeptide 
encoded by a sequence of the invention occurs. 

In an additional aspect, the invention provides kits comprising polynucleotides, polypeptides 
or antibodies of the invention and methods of using such kits in diagnosing tiie presence of 
absence of ATR and its homologues. or variants thereof, including deleterious ATR i 



mutants. 



Hie invenrion further provides assay methods for screening candidate substances for use as 
compounds for inhibiting or activating ATR activity, or the activity of mutated forms of ATTl 
which are deficient in checkpoint activity. Tbt invention also provides assay methods for 
screening candidate substances for use as compounds for inhibiting interactions between ATR 
and other compounds that interact with ATR, including ATR itself. 

In a related aspect, the invention also provides a polynucleotide sequence of Seq. ID No. 3 
in substantially isolated form, and the protein of Seq. ID No. 4 in substamially isolated form, 
and novel fragments and variants thereof. 

Peteiled descrintinn nf t\^^ in«»nii"" 

A. Polvmiel#n|iH,. 

Polynucleotides of tite invention may comprise DNA or RNA. Tbty may also be 
polynucleotides which include within them symhctic or modified nucleotides. A number of 
different types of modification to oligonucleotides are known in tiie an. These include 
methylphosphonate and phosphorotiiioaie backbones, addition of acridine or polylysine chains 
at tiie 3- and/or 5' ends of the molecule. For die purposes of the present invention, it is to 
be understood that the polynucleotides described herein may be modified by any metiiod 
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available in the art. Such modincations may be carried out in order to enhance the in vivo 
activity or lifespan of polynucleotides of the invention. 

Polynucleotides of the invention capable of selectively hybridizing to the DNA of Seq. ID 
No. 1 wiU be generally at least 70%. preferably at least 80 or 9095 and more preferably at 
least 95 % homologous to the corresponding DNA of Seq. ID No. 1 over a region of at least 
20, preferably at least 25 or 30. for instance at least 40. 60 or 100 or more contiguous 
nucleotides. 

It is to be understood that skilled persons may. using routine technicjies. make nucleotide 
substimtions that do not affca the polypeptide sequence encoded by the polynucleotides of 
the invention to reflect the codon usage of any particular host organism in which the 
polypqjtides of the invention are to be expressed. 

Any combination of the above mentioned degrees of homology and minimum sizes may be 
used to define polymicleotides of the mvemion. with the more stringent combinations (i.e. 
higher homology over longer lengths) being preferred. Tlius for example a polynucleotide 
which is at least 8055 homologous over 25. preferably 30 micleotides forms one aspe« of the 
invemion, as does a polymideotide which is at least 90% homologous over 40 nucleotides. 

Polynucleotides of the invemion may be used to produce a primer, e.g. a PCR primer, a 
primer for an alternative amplification reaction, a probe e.g. labelled with a revealing label 
by conventional means using radioactive or non-radioactive labels, or the polynucleotides may 
be cloned into vectors. Such primers, probes and other iragments will be at least 15. 
preferably at least 20. for example at least 25. 30 or 40 nucleotides in length, and are also 
encompassed by the term polynucleotides of die invention as used herein. 

Polynucleotides such as a DNA polynucleotide and primers according to the invention may 
be produced rccombinanily. synthetically, or by any means available to those of skill in the 
an. They may also be cloned by standard techniques. 

In general, primers wiU be produced by synthetic means, involving a step wise manufacture 
of the desired nucleic acid sequence one nucleotide at a time. Techniques for accomplishing 
this using automated techniques are readUy available in the art. 
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Longer polynucleotides wUl genenUy be produced using recombinam means, for example 
using a PCR (polymerase chain reaction) cloning tedmiques. Hus will involve making a pair 
of primers (e.g. of about 15-30 nucleotides) to a region of the Alll gene which it is desired 
to clone, bringing the primers into contact with mRNA or cDNA obtained from a human ceU 
(e.g. a dividing ceU such as a peripheral blood leukocyte), performing a polymerase chain 
reaction under conditions which bring about amplificaUon of the desired region, isolating the 
ampimed fragment (e.g. by purifying the reaction mixmre on an agarose gel) and recovering 
the amplified DNA. ITie primers may be designed to comain suitable restriction enzyme 
recognition sites so that the amplified DNA can be cloned into a suitable cloning vecor. 

Such techniques may be used to obtain all or pan of the ATO sequence described herein. 
Genomic clones containing the ATR gene and its introns and promoter regions may also be 
obtained in an analogous manner, starting with genomic DNA from a human ceU, e.g. a liver 
ceU. 

Although in general the techniques mentioned herein are well known in the art. reference may 
be made in particular to Sambrook et al. (Molecular Cloning: A Laboratory Manual. 1989). 

Polynucleotides which are not 10055 homologous to the sequences of the present invention 
but fall within the scope of the invention can be obtained in a number of ways. 

Other human aUelic variants of the ATR sequence described herein may be obtained for 
example by probing genomic DNA libraries made from a range of individuals, for example 
individuals from different populadons. 

In addition, other animal, particularly mammalian (e.g. mice, rats or rabbits), more 
paniculariy primate, homologues of ATR may be obtained and such homologues and 
fragments thereof in general will be capable of selectively hybridizing to Seq. ID No. 1. 
Such sequences may be obtained by probing cDNA libiarics made from dividing cells or 
tissues or genomic DNA libraries from other animal species, and probing such libraries with 
probes comprising all or part of Seq. ID', i under conditions of medium to high stringency 
(for example 0.03M sodium chloride and 0.03M sodium citrate at from about 50oC to about 
60oC). 
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Allelic variants and species bomoiogues may also be obtained using degenerate PGR which 
will use primen designed to target sequences within the variants and bomoiogues encoding 
conserved amino acid sequences. Conserved sequences can be predicted fmm aligning ifae 
ATR amino acid sequence with that of radS. Tbc primers will contain one or more 
degenerate positions and will be used at stringency conditions lower than those used for 
cloning sequences with single sequence primen against known sequences. 

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of the ATR 
sequences or allelic variants thereof. TTus may be useful where for example silent codon 
changes are required to sequences to optimise codon preferences for a particular host ceU in 
which the polynucleotide sequences are being expressed. Other sequence changes may be 
desired in order to introduce restriction enzyme recognition sites, or to alter the property or 
function of the polypeptides encoded by the polynucleotides. Further changes may be 
desirable to represent particular coding changes found in ATR which give rise to mutant ATR 
genes which have lost the checkpoint function. Probes based on such changes can be used 
as diagnostic probes to detect such ATR mutants. 

TTie invention finther provides double stranded polynucleotides comprising a polymicleotidc 
of the invention and its complement. 

Polynucleotides or primen of the invention may carry a revealing label. Suitable labels 
include radioisotopes such as »P or »S . enzyme labels, or other pioteio labels such as biotin. 
Such labels may be added to polynucleotides or primers of the invention and may be detected 
using by techniques known per se. 

Polynucleotides or primers of the invemion or fragments thereof labeUed or unlabeUed may 
be used by a person skilled in the an in nucleic acid-based tests for detecting or sequencing 
ATR in the human or animal body. 

Such tests for detecting generally comprise bringing a human or animal body sample 
containing DNA or RNA into contact with a probe comprisbig a polyniiclibtidc or primer of " 
the invention under hybridizing conditions and detecting any duplex formed between the probe 
and nucleic acid in the sample. Such detection may be achieved using techniques such as 
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PCR or by inunobilizing the probe on a solid support, removing nucleic add in ihc anmlc 
Which is not hybrtdired to the probe, and then detecting nucleic add which has hybiidizoi 
to the probe. Alteraatively. the sample nucleic acid may be inunobiliied on a soUd support 
and the amount Of probe bound to such a support can be detected. Suitable assay methodi 
of this any other fonnats can be found in for example WO89/03891 and WO90/13667. 

Tests for sequendng ATR include bringing a human or animal body sample containing target 
DNA or RNA into contact with a probe comprising a polymideotide or primer of the 
mvemion under hybridizing conditions and detennining the sequence by. for example the 
Sanger dideoxy chain tcnnination method (see Sambrook « a/.). 

Sudi a method generally comprises elongating, in the presence of suitable reagents the 
pnmer by symhesis of a strand complcmemary to the target DNA or RNA and selectively 
termmating the elongation reaction at one or more of an A. C. G or TAJ residue; allowing 
strand elongation and termination reaction to occur, separatmg out according to size the 
elongated products to determine the sequence of the nucleotides at which sel^e termination 
has occurred. Suitable reagents inchide a DNA polymerase enzyme, the deoxynudeotides 
dAlP. dCIP. dGTP and dTIT. a buffer and ATP. Dideoxynudeoddes are used for selective 
termiDatioiL 

Tests for detecting or sequencing ATO in die human or animal body may be used to 
deteimme ATR sequences withm ceils in individuals who have, or are suspected to have, an 
altered ATR gene sequence, for example within cancer cells induding leukaemic ceUs and 
solid dimours ««A as breast, ovary, lung, colon, pancreas, testes, liver, brain, muscle and 
bone ttunouis. 

In addition, the discovery of ATR wUl allow the role of this gene in hereditary diseases to 
be mvestigated. in a manner analogous to die ATM gene. In general, diis wiU involve 
establishing die stanis of ATR (c.g using PGR sequence analysis) in cells derived from 
patients wid, diseases diat n^y be connected widi damage to^replicaring cells„e.g. familial . 
predisposition to cancer, chromosome breakage or instability phenotype or repair-damage 
sensitivity phenoope. 
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■n>e probes of the invenuoa may conveniently be packaged in the fonn of a tcjt kit in a 
suitable container. In such kitt the probe niay be bound to a solid support wbeit the assay 
format for which the kit is designed requires such binding. TTie kit may also contain suitable 
reagents for treating the sample to be probed, hybridizing the probe to nucleic acid m the 
sample, control reagents, instructions, and the like. 

The present invention also provides polymicleotidcs encoding the polypeptides of the 
invention described below. Because such polynucleotides wiU be useful as sequences for 
recombinant production of polypeptides of the invemion. it is not necessary for them to be 
selectively hybridizable to the sequence Seq. m No. I. although this wiU generally be 
desirable. OUicrwise. such polynucleotides may be labeUed, used, and made as described 
above if desired. Polypeptides of the invention are described below. 

Paiticulariy piefened polymicleotidcs of rbc invemion are those derived from the Upid kinase 
domain of ATR. its alleUc variants and species homologues. Tbt lipid kinase domain is 
represemed by micleotides 7054 to 8011 of Seq. ID. l. Polymicleotidcs of the invemion 
whichcompriseflusdomainareparucularlyprcfened. ITie term "lipid kinase domain' refers 
to a domain which has homology to oUier known lipid kinases, in particular the pllO subunit 
of PI-3 kinase, as determined by sequence aUgnments. 

Other prefened polynucleotides of the invemion those which comprise micleotides encoding 
amino acids 181 to 302 of Seq. ID No. 2 (micleotides 620 to 985 of Seq. ID No. 1). which 
is beUeved to be a leucine zipper region, a putative site of protein-protein interaction, and 
amino acids 1358 to 1366 (micleotides 4151 to 4177). which is also conserved. 

In an additional aspect, polynucleotides of the invention include tiiose of Seq. ID No. 3 and 
fragmems thereof capable of selwuvely hybridizing to this sequence other dun tiie fragmem 
consisting of nucleotides 2482 to 6599 in which the following changes have been made: 
Deletion of residues 2499. 2501. 2507 & 2509; insenion of C between 5918/5919. 

Particularly preferred fragments include those comprising residues 6826 to 7334 (tiie lipid 
kinase domain) and the leucine zipper regions 1476 to 1625 and 2310 to 2357. Additionally. 
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the fcagmem comprising the conserved region 3891 to 3917 is preferred. Such polypeptides 
and fragments may be made and used as described above. 

B. PolvnenriHft*, 



Polypeptides of the invention include polypeptides in substamiaUy isolated form which 
comprise the sequence set out in Seq ID No. 2. 

Polypeptides further include variants of such sequences, inchiding nanually occurring allelic 
variants and synthetic variants which are substantially homologous to said polypeptides. In 
this context, substantial homology is regarded as a sequence which has at least 70%. c.g. 
80% or 90% amino acid homology (identity) over 30 amino adds with the sequence of Seq. 
ID No. 2 except for the Bpid kinase domain and C-terminal portion (residues 2326 to 2644) 
where substantial homology is regarded as at least 80% homology, preferably 90% homology 
(identity) over 50 amino acids. 

Polypeptides also include other those encodmg ATR homologues from other species inchiding 
animals such as mammals (e.g. mice, rats or rabbits), especially primates, and variants 
thereof as defined above. 

Polypeptides of the invention also include fragments of the above mentioned fuU length 
polypeptides and variants thereof, including fragments of the sequence set out in Seq. ID No. 
2. 

Prefened fragments inchide those which include an epitope, espcciaUy an epitope. Suitable 
fragments wiU be at least about 5. e.g. 10, 12. 15 or 20 amino acids in size. Polypepddc 
fragments of the ATR protein and aUelic and species variants thereof may contain one or 
more (e.g. 2. 3, 5, or 10) substitutions, deletions or insertions, including conserved 
substimtions. 

Conserved substimtions may be made according to the following table indicates conservative 
substimtions. where amino acids on the same block in the second column and preferably in 
the same line in the third column may be substimted for each other 
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Variants of the polypeptides of the invention may also comprise polypeptides wheicin one or 
more of the specified (i.e.. naturally encoded) amino acids is deleted or replaced or wherein 
one or more nonspecified amino acids are added: (1) without loss of the activity 
specific to die polypeptides of the invention; or (2) with disablement of the irma«» activity 
specific to the polypeptides of die invention; or (3) widi disablemem of the abUity to interact 
widi members or regulators of die cell cycle checkpoint padiway. 

Epitopes may be determined either by techniques such as peptide scanning techniques as 
described by Geysen et al. Mol. Immunol., 22; 709-715 (1986). 

Polypeptides of the invention may be in a substantially isolated form. It will be understood 
that the polypq)tide may be mixed with carriers or dUuents which will not interfere with the 
intended purpose of the polypeptide and still be regarded as substantially isolated. A 
polypeptide of the invention may also be in a substantiaUy purified form, in which case it will 
generally comprise die polypeptide in a preparation in which more than 90%. e.g. 95%. 98% 
or 99% of the polypeptide in die preparation is a polypeptide of the invention. Polypeptides 
of die invention may be modified for example by die addition of Histidine residues to assist 
their purification or by the addition of a signal sequence to" promote dicir secretion from a 
cell. 
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A polypeptide of the invention nuy be labelled with a revealing label. The levealing label 
may be any suitable label which allows the polypeptide to be detected. Suitable labels incbide 
radioisotopes, e.g. «I. enzymes, antibodies, polynucleotides and linken such as biotia. 
Libelled polypeptides of the invention may be used in diagnostic procedures such as 
immunoassays in order to determine the amoum of a polypeptide of the invemion m a sample. 
Polypeptides or labelled polypeptides of the invention may also be used in serological or ceU 
mediated hmnune assays for the detection of immune reactivity to said polypeptides m 
animals and humans using standard protocols: 

A polypeptide or labeUed polypeptide of the invemion or fragment thereof may also be fixed 
to a soUd phase, for example the surface of an imnninoassay weU or dipstick. 

Such labeUed and/or immobflized polypeptides may be packaged imo kits in a suitable 
container along with suitable reagents, controls, instructions and the like. 

Such polypeptides and kits may be used in methods of detection of amibodies to the ATO 
protein or its allelic or species variants by immunoassay. 

Immunoassay methods are weU known in the art and will generally comprise: 

(a) providing a polypeptide comprising an epitope bindable by an antibody against 
said protein; 

(b) incubating a biological sample with said polypeptide under conditions which 
allow for die formation of an antibody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising said polypeptide is 
formed. 

Polypeptides of the invemion may be may by symhetic means (e.g. as described by CSeyscn 
et al.) or recombinanUy, as described below. 

Particularly preferred polypeptides of the invemion include tiiose spanning or witiiin the lipid 
kinase domain, namely from amino acids 2326 to 2644 of Seq. ID. 2. or sequences 
substantially homologous Uiercto. Fragments as defmed above from tiiis region are 
panicularly preferred. The polypeptides and fragments thereof may comain amino acid 
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altcrauoDs as defined above, including substitutions at one or more of positions 2475, 2480 
and 2494, which correspond to the positions of the rad3 subsnnmons described in the 
exaixq>lcs below. Prcfcitcd substitutions inchide D2475A, N2480K and D2494E. 

Polypeptides of the invention may be used in in vino or in vivo cell culnirc systems to soidy 
the role of ATR as a checkpoint gene. For example, truncated or modified (e.g. modified 
in the lipid kinase domain) ATRs may be introduced into a cell to disrupt the normal 
checiq)oint functions which occur in the cell. 

The polypq}tidcs of the invention may be introduced into die cell by in situ expression of the 
polypq)tide from a recombinant expression vector (see below). The expression vector 
optionally carries an inducible promoter to control the expression of the polypeptide. 

The use of m am m al i a n host cells is expected to provide for such post-translarional 
modifications (e.g., myristolation, glycosylation, truncation, lapidation and tyrosine, serine 
or threonine phosphorylation) as may be needed to confier optimal biological activity on 
recombinant expression products of the invention. 

Such ceil cultore systems in which polypeptide of the invention are expressed may be used 
in assay systems to identify candidate substances which interfere or enhance checkpoint 
functions in the cell (see below). 

In an additional aspcrt, polypeptides of the invention inchide the protein of Seq. ID No. 4 
and fragments thereof from the region other than the fragment consisting of amino adds 713 
to 1778. Particulariy preferred fragments inchide those comprising residues 2082 to 2386 
(the hpid kinase domain) and the leucine zipper regions 298 to 347 and 576 to 591. 
Additionally, the fragment comprising the conserved region 1103 to 111 I is preferred. Such 
polypeptides and fragments may be made and used as described above. 

The invention also provides polypeptides substantially homologous to the protein of Seq. ID 
No. 4, and fragments thereof. In this context, substantial homology is regarded as a sequence 
which has at least 70%, e.g. 80% or 90% amino acid homology (identity) over 30 amino 
acids with the sequence of Seq. ID No. 4 except for the lipid kinase domain and C-tcrminal 
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ponion (residues 2082 t 2386) where substantial homology is regarded as at least 80%, 
preferably at least 90% homology (idemiiy) over 50 amino acids. 

Polynucleotides of the invention can be incorporated into a recombinant replicable vector. 
Tlie vector may be used to replicate the nucleic acid in a compatible host ccU. Thus in a 
further embodiment, the invention provides a method of maldng polynucleotides of the 
invention by introducing a polynucleotide of the invention into a replicable vector, introducing 
the veaor into a compatible host ccU, and growing the host ceU under conditions which bring 
about replication of the vector. TTie vector may be recovered from die host cdl. Suitable 
host ceils are described below in connection with expression vectors. 

D. Expressi on Veaars. 

Preferably, a polynucleotide of the invention in a vector is operably linked to a control 
sequence which is capable of providing for the expression of the coding sequence by the host 
cell, i.e. the vector is an expression vector. 

Hie term "operably linked" refers to a juxiaposiuon wherein the copqjonents described are 
in a relationship permitting them to function in tiieir intended manner. A control sequence 
"operably linked" to a coding sequen:e is ligated in such a way that expression of the coding 
sequence is achieved under condition compatible with the control sequences. 

Such vectors may be transformed into a suitable host ccU as described above to provide for 
expression of a polypeptide of the invention. Thus, in a further aspect the invemion provides 
a process for preparing polypeptides according to the invention which comprises cultivating 
a host cell transformed or transfected with an expression vector as described above under 
conditions to provide for expression by the vector of a coding sequence encoding the 
polypeptides, and recovering the expressed polypeptides. ' ' 

The vectors may be for example, piasmid, virus or phage vectors provided with an origin of 
replication, optionally a promoter for the expression of the said polynucleotide and optionally 
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a regulator of the promoter. The vectors may comain one or more selectable marker genes, 
for example an ampicillin resistance gene in the case of a bacterial plasmid or a neomycin 
resistance gene for a m a mmalian vector, Vecion may be used in vitro, for exanq)le for the 
production of RNA or used to iransfeci or transfonn a host cell. The vector may also be 
ad^ted to be used in vivo, for example in a method of gene thcr^y, 

A further embodiment of the invention provides host cells transfonned or transfected with the 
vecton for the replication and expression of polynucleotides of the invention. Tlie cells will 
be chosen to be compatible with the said vector and may for example be bacterial, yeast, 

insect or mamTnalian 

Polynucleotides according to the invention may also be inserted into the vectors described 
above in an aniiscnsc oriemadon in order to provide for the production of amicffi^t^ rna. 
Antisensc RNA or other antisense polynucleotides may also be produced by synthetic means. 
Sudi antisense polynucleotides may be used in a method of controlling the levels of ATR or 
its variants or species homologues. 

Promoters and other expression regulation signals may be selected to be compatible with the 
host cell for which the expression vector is designed. For example, yeast promoters include 
S. ccrcvisiae GAL4 and ADH promoters, S. pombe nmtl and adh promoter. Mammalian 
promoicn include the metallothionein promoter which is can be included in response to heavy 
metals such as cadmhan. Viral promoters such as the SV40 large T antigen promoter or 
adenovirus promoters may also be used. All these promoters are readily available in the art. 

E. Antibodies. 

The invention also provides monoclonal or polyclonal antibodies to polypeptides of the 
invention or fragments thereof. The invemion further provides a process for the production 
of monoclonal or polyclonal antibodies to polypeptides of the invention. Monoclonal 
antibodies may be prepared by conventional hybridoma technology using die polypeptides of 
the invention or peptide fragments thereof, as immunogens. Polyclonal antibodies may also 
be prepared by convemional means which comprise inoculating a host animal, for example 
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a rat or a rabbit, with a polypeptide of the invention or peptide fragment thereof and 
recovering iminifn? serum. 

In order that such antibodies may be made, the invention also provides polypeptides of the 
invention or fragments thereof haptenised to another polypeptide for use as inununogens in 
animals or humans. 

Preferred antibodies of die invention wiU be cqable of selectively binding the human aTR 
protein, that is with an affinity at least 10 fold, preferably at least 100 fold that of the /ad3 
protein. Such antibodies can be obtained by routine experimentation, e.g. selecting regions 
of ATR protein with sequences different from the corresponding regions of radS, mairii^g 
peptides comprising such sequences and using such peptides as immunogens. Following 
production of antibodies the binding of said antibodies may be determined. Preferred 
antibodies of the invention include those capable of selectively binding the lipid domain 
(as defmed above) of the human ATR protein. In addition, antibodies which are capable of 
binding the human and yeast (S. pombe) lipid kinase domains widi similar affinity, but not 
to the domains of the ATM family of proteins form a further aspect of the invention. Such 
antibodies may be raised against peptides from the lipid kinase domains which correspond to 
regions found to be identical, or substandally identical, in the yeast and htunat, genes. 

For the purposes of diis invention, the term "antibody", unless specified to the contrary, 
includes fragments of whole antibodies which retain their binding activity for a tumour target 
antigen. Such fragments include Fv, F(ab') and F(ab'), ftagmenis, as well as single chain 
antibodies. Furthermore, the antibodies and fragments thereof may be humanised antibodies, 
eg. as described in EP-A-239400. 

Antibodies may be used in method of detecting polypeptides of the invention present in 
biological samples by a method which comprises: 

(a) providing an antibody of the invention; 

(b) incubating a biological sample with said antibody under conditions which allow 
for the formation of an andbody-antigen complex; and 

(c) determining whether antibody-antigen complex comprising said antibody is 
formed. 
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Suitable samples include extracts from dividing cells, e.g leukocytes or cancer cells including 
ieukaemic cells and solid tumours such as breast, ovary, lung, colon, panaeas, testes. liver, 
brain, muscle and bone tumours. 

Antibodies of the invention may be bound to a solid support and/or packaged into kits in a 
suitable container along with suitable reagents, controls, instructions and the like. 

F. Aaavs, 

Abrogating ceU cycle checkpoints is a potential strategy for developing or designing drugs 
for anti-cancer therapy, boUi as a novel treatment as such and as pan of a combination 
therapy to enhance the specific toxicity of current chemotherapeuiic agents. For example 
alkylating agents such as nitrogen mustards are used a chemothcrapeutic agents which damage 
DNA in rapidly dividing cells, leading to ceU death. The toxicity of such agents may be 
lessened by DNA repair and checl^oint mechanisms. Abn^ting such mechanisms will thus 
enhance the effectiveness of therapeutic compounds designed to damage DNA. Abrogation 
of the ATR chedqioint wiU be especiaUy useful where tumour cells have lost other chcclroint 
or damage response genes, since these other genes may be able to complement the loss of 
ATR function in non tumour cells, leading to an even greater enhancement in the 
effectiveness of the chemotheiapeutic agent. 

The lipid kinase activity of ATR is a target for developing anti-cancer compounds, since the 
results presented in the foUowmg examples indicate that the kinase domam is required for 
ATR function. Tims the present invention provides an assay method for screening candidate 
substances for anti-cancer therapy which comprises: 

(a) providing a polypeptide of the invention which retains lipid kinase activity and a 
substrate for said kinase, under conditions and with reagents such that the kinase 
activity will act upon the substrate; 

(b) bringing said polypeptide and substrate into contact with a candidate substance; 

(c) measuring the degree of decrease in the kinase activity of the polypeptide; and 

(d) selecting a candidate substance which provides a decrease in activity. 
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The assay may be earned out in vitro, for example in ihe wells of a microtiire dish. Such 
a foimat may be readUy adapted for automation, allowing large numbers of candidate 
substances to be sczeesed. 

The subsoaie may be a protein or lipid substrate of naural or synthetic origin upon which 
the polypeptide of the invention wUl act. UsuaUy. the polypeptide of the invention will 
phosphoiylate the substrate. 

Any suitable format for the assay may be used by those of sldU in the an of throughput 
assays. Typically, the polypeptide of the invention which retains lipid kinase activity will be 
bound to a solid support in the presence of a substrate and ceUular and other components 
which are usually required for activity. Labelled phosphate and a candidate substance wUl 
be added to the mixmre simultaneously or sequentially in either oider. Alter a suitable 
reaction time (usuaUy a few minutes but in any event enough for phosphorylation of the 
substrate in the absence of candidate substance to occur) the amount of free phosphate is 
determined, e.g. by precipitation of phosphate. Candidate substances which inhibit kinase 
activity wiU inhibit the incorporation of ftee phosphate into the substrate and thus where free 
phosphate is found this is indicative of mhibition. 

Other assay formats may be used by those skilled in the art 

The candidate substances may be used in an initial screen in batches of for example 10 
compounds per reaction, and the compounds of those batches which show inhibition tested 
individually. 

Suitable candidate substances include peptides, especially of from about 5 to 20 amino acids 
in size, based on the sequence of the kmase domain, or variants of such peptides in which 
one or more residues have been substituted as described above. Peptides from panels of 
peptides comprising random sequences or sequences which have been varied consistently to 
provide a maximally diverse panel of peptides may be used. Further candidate substances 
include kinase inhibitors which are small molecules such as cydosporin-like and staurosporin- 
like compounds, or other compounds commercially available in panels of small molecule 
inhibitors. 
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Candidate substances which show activiiy in in vitro screens such as the above can then be 
tested in in WW systems, such as yeast r inainmalian cells which wiU be exposed to the 
inhibitor and tested for checkpoint activiiy. 

We have also shown that Rad3 possesses protein kinase activity. Target substrates of Rad3 
protein kinase activiiy may be idendfied by incoiponiting test compounds in assays for 
activity. Rad3 protein is tesospeoded in kinase buffer and incubated either in the presence 
of absence of die test compound (e.g., casein, histone HI. or appropriate substrate peptide). 
Moles of phosphate transferred by the kinase to the test compound are measured by 
autoradiography or scintillation counting. Transfer of phosphate to the test compound is 
indicative diat the test compound is a substrate of the kinase. 

Agents diat modulate Rad3/ATR lipid kinase or Rad 3 protein Mt«i«> activity may be 
idcmificd by incubating a test compound and RadS/ATO immunopurified from cells nanirally 
e;qttcssing Rad3/ATR, with Rad3/ATR obtained from recombinam procajyotic or eukaryotic 
cells expressing the enzyme, or with purified Rad3/ATR, and then deteimining die effect of 
die test compound on Rad3/A*m activiiy. The activity of the Rad3/ATR Upid kinase or Rad3 
protein kinase domains can be measured by deteimining the moles of »P-phosphate 
transferred by the kinase from gamma-»-P-ATP to eidier itself (autophosphorylation) or to 
an exogenous substrate such as a Upid or protein. The amoum of phosphate incorporated into 
the substrate is measured by scintillation counting or autoradiography. An increase in die 
moles of phosphate transferred to die substrate in die presence of die test compound compared 
to die moles of phosphate transferred to die substrate in die absence of die test compound 
indicates diat die test compound is an activator of said kinase activity. Conversely, a 
decrease in die moles of phosphate transferred to die substrate in presence of die test 
compound compared to die moles of phosphate transfencd to die substrate in die absence of 
die test compound indicates diat die modulator is an inhibitor of said kinase activity. 

In a presendy preferred assay, a Rad3/ATR antibody linked to agarose beads is incubated 
widi a cell lysate prepared from host cells expressing Rad3/ATR. The beads are washed to 
remove proteins binding nonspecifically to die beads and die beads are dien resuspendcd in 
a kinase buffer (such as 25 mM K-HEPES pH 7.7. 50 mM potassium chloride. 10 mM 
magnesium chloride. 0.1% Nomdct-P-40. 20% glycerol. 1 mM DTT). The reaction is 
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initiated by the addition of 100 mM gamna-sp-ATP (4 Ci/mM) and an exogenous substrate 
such as lipid or peptide, and the reaction is carried out at 30T for 10 minutes. The activity 
of the kinase is measured by determining the moles of «P-phosphate transferred either to the 
kinase itself or the added substrate. In a preferred embodiment the host ceUs lack endogenous 
Rad3/ATR kinase activity. The selectivity of a compound that modulates the lipid irin«> 
activity of Rad3/ATR can be evahiated by comparing its activity on Rad3/ATR to its activity 
on, for example, other known phosphatidylinositol-3 (PI-3)-reiated kinases. TTie combination 
of the recombmant Rad3/ATTl products of the invemion with other recombinant Pl-S-related 
kinase products in a series of independent assays provides a system for developing selective 
modulators of Rad3/ATR kinase activity. Similarly, the selectivity of a compomd that 
modulates die protein kinase activity of Rad3 may be determined with refetence to other 
protein kinases, for example the DNA dependem protein kinase or ATM. 

In addition, the demonstration that the rai mutant nuLD2249E (see Examples) can act as a 
dominant negative mutam indicates involvemem in one or more protein complexes, and such 
complexes tiiemselves can be targeted for tiierapeutic intervention. We have shown, for 
example, diat Rad3 can botii self associate and associate widi ATR. It is therefore likely that 
Rad/ATR fimction as multimeric molecules. Mutant yeast rad or human ATR genes, or 
derivatives diereof which also lack rod/ ATR activity may be introduced into cells to act as 
dominant negative mutants. Thus for example if expression of a dominam negative mutant 
(e.g. ATR D2475A. N2480K or D2494E) in a nanour cell leads to enhanced radiation 
sensitivity diis indicates tiiat the native ATR is stifl fimctioning and tiius a target for 
therapeutic agents. 

Interacting proteins including components of multimeric protein complexes involving Rad3 
or ATR may be klentified by the following assays. 

A fint assay contemplated by the invention is a two-hybrid screen. The two-hybrid system 
was developed in yeast (Chien a al. (1991)) and is based on functional in vivo reconsumtion 
of a transcription factor which activates a reporter gene. Specifically, a polynucleotide 
encoding a protein that interacts with Rad3/ATR is isolated by: transforming or transfecting 
appropriate host cells witii a DNA construct comprising a reporter gene under the control of 
a promoter regulated by a transcription factor having DNA a binding domain and an 
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activaiing domain: expressing in the host cells a first hybrid DNA sequence encoding a fust 
fusion of pan or aU of Rad3/ATR and either the DNA binding domain or the activating 
domain of the inuscription factor; expressing in the host ceU a Ubraiy of second hybrid DNA 
sequences encoding second fusion of pan or all puutive Rad3/ATR binding proteins and the 
DNA binding domain or activating domain of the transcription factor which is not 
incorporated in the first fusion: detecting bindmg of an RadS/AHl iosracting protein to 
Rad3/ATR in a panicular host ceU by detecting the production of reponer gene produo in 
the host cell; and isolating second hybrid DNA sequences encoding the interacting protein 
from the panicular host cell. Presauly preferred for use in the assay are a i»4 promoter to 
drive expression of the reponer gene, the iocZ reponer gene, a transcription factor 
comprising the lexA DNA binding domain and tiie GAU transactivation domain, and yeast 
host cells. 



Other assays for identifying proteins that interact with Rad3 or ATR may involve 
immobilising Rad3/ATR or a test protein, detectably labelling tiie nonimmobilised binding 
panner. incubating Uie binding panners together and detetmining the amount of label bound. 
Bound label indicates tiiat the test protein interacts with Rad3/ATR. 

Another type of assay for identifying Rad3 or ATR interacting proteins involves immobUising 
Rad3/ATR or a fragment tixereof on a solid suppon coated (or impregnated with) a 
fluorescem agent, labelling a test protein witii a compound capable of exciting tiie fhiorescent 
agem. contacting tiie immobilised Rad3/ATR witii die labeUed test protein, detecting light 
emission by die fluorescent agent, and identifying interacting proteins as test proteins which 
result in tite emission of light by die fluorescent agent. Altemarively, die putative interacting 
protein may be immobUised and Rad3/ATR may be labeUed in tiie assay. 

Compounds tiiat modulate interaction between Rad3/ATR and otiier ceUular component may 
be used in metiiods of treating cancer. For example, if a panicular fonn of cancer resulu 
from a mutation in a gene otiier tijan ATR such as die p53 gene, an agent which inhibits tiie 
uanscripuon or the enzymatic activity of ATR and tiius Uie G, cell cycle checkpoint may be 
used to render cancerous cells more susceptible to chemotiierapy or radiation tiierapy. The 
therapeutic value of such an agent lies in the fact tiiat current radiation tiierapy or 
chemotiierapy in most cases docs nothing to overcome tiie ability of tiie p53 mutant cancerous 
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cdl to sense and correct the DNA danuge imposed as a result of the treatment. As . result, 
a cancer ceu can simply repair the DNA damage. Modulating agents of the invention may 
therefore be chemotherapy and nuiiation adjuvants or may be directly active as chemotherapy 
drugs themselves. 

Assays for identifying compounds that modulate interaction of Rad3/ATO with other proteins 
may involve: transforming or tiansfecting appropriate host cells wid, a DNA construct 
comprising a reporter gene under the comiol of a promoter regulated by a transcription factor 
havmg a DNA-binding domain and an activating domain; expressing in the host cells a first 
hybrid DNA sequence encoding a fim fusion of part or all of Rad3/ATO and the DNA 
binding domain or the activating domain of the transcription facton expressing in the host 
cells a second hybrid DNA sequence encoding pan or aU of a protein that interacts witii 
Rad3/Am and the DNA binding domain or activating domain of the transcription factor 
Which u not incorporated in the first fusion: evaluating the effea of a test compound on the 
«i>«action between Rad3/ATR and the interacting protein by detecting binding of the 
iiueracting protein to RadS/ATTl in a particular host cell by measuring the production of 
reporter gene produa in the host ceU in the presence or absence of the test compound: and 
idemifying modulating compounds as those test compounds altering production of the reported 
gene produa in comparison to production of the reporter gene product in the absence of the 
modulating compound. PresenUy preferred for use in the assay are a te^ promoter to drive 
expression of the reporter gene, the latZ reporter gene, a transcription factor comprising the 
lexA DNA domain and the GAU tnuisactivadon domain, and yeast host ceUs. 

Anodicr type of assay for identifying compounds that modulate the imeraction between 
Rad3/ATR aiul an imeracting protein involves irmnobUising Rad3/ATR or a nannal 
Rad3/ATR interacting protein, detectably labcUing Uie nonimmobUiscd binding partner, 
incubating the binding partnen together and determining die effect of a test compound on the 
amount of label bound wherein a reduction in the label bound in the present of tiie test 
compound compared to die amomii of label bound in die absence of the test compound 
indicates tiiat die test agent is an inhibitor of Rad3/ATO interaction widi the protein. 
Conversely, an increase in dtt bound in the presence of the test compared to die amount label 
bound in die absence of die compared indicates diat die putative modulator is an activator of 
Rad3/ATR interaction widi the protein. 
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Yet another method contemplated by the invention for identifying compounds that modulate 
the binding between Rad3/ATR and an imeraoing protein involves immobilising Rad3/ATR 
or a fragment thereof on a solid suppoit coated (or impregnated with) a fhiorescent agent, 
labelling the interacting protein with a compound capable of exciting the fiuorescem agent, 
contacting the immobilised Rad3/ATR with the labelled interacting protein in the presence 
and absence of a test compound, detecting light emission by the fluorescent agent, and 
identifying modulating compounds as those test compounds that affect the emission of light 
by the fluorescent agent in con^)arison to the emission of light by the fluorescent agent in the 
absence of the test compound. Alternatively, the Rad3/ATR interacting protein may be 
immobilised and Rad3/ATR may be labelled in the assay. 

We have shown that Rad3 interacts with ATR. Therefore the above-mentioned assays may 
also be used to identify compounds that modulate the interaction between Rad3 and ATR 
where the interacting protein described in the assay methods is either Rad3 or ATR. 

We have also shown that Rad3 can bind to itself, strongly suggesting that ATR can also bind 
to itself. Tteefore the above-mentioned assays may also be used to identify conqxjunds that 
modulate Rad3-Rad3 interactions and AHl-Ara. inieracdons. 

Such compounds could be used therapeutically to disrupt ATR-ATR interactions and increase 
the sensitivity of nimour cells to chemotherapy and/or radiotherapy. Thus the invention 
provides an assay method for screening candidate substances for anti-cancer therapy which 
comprises: 

(a) (i) incubating a polypeptide of the invention with another 
polypeptide of the invention, which may be the same as or 
different to the first polypeptide, under conditions which allow 
the first polypeptide to bind to the second polypeptide to form 
a complex; 

(ii) bringing the complex thus formed iiuo contact with a candidate 
substance; 

or 
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incubating a polypeptide of the invention with another polypeptide of tbe 
invention, which may be the same as or different to the fust polypeptide, 
uadcr conditions which allow the first polypeptide to bind to the second 
polypeptide to form a complex and in the presence of a candidate substance; 



determining whether the candidate substance inhibits binding of the first 
polypeptide to the second polypeptide and 

selecting a candidate substance which inhibits binding of the first polypeptide 
to die second polypeptide. 



Preferably the fust and second polypeptide may be distinguished from each other. For 
example, the first polypeptide and the second polypeptide may both be AIR. or may both be 
Rad3. or one may be ATO and one may be Rad3 or derivatives of either ATO or Rad3 which 
retam binding activity. When both polypeptides are ATO or RadS. preferably two 
dutinguishable forms of ATO/RadS would be used in these assays. n«y may be 
distinguished by. for example, labelling either of tbe polypeptides. Examples of labels 
inchule nuiioactive labels, epitope tags or other polypeptide tags such as ghitathione -S- 
transferase. For example, one fonn of Rad3 may have one form of epitope ag. and the other 
form would have a different epitope tag. allowing them to be distinguished immunologically 
such that bmding of one to the other can be ascertained quantitively or qualiatively. In a 
preferred method, the first polypeptide may be immobUised. for example to agarose beads 

or a solid support, and the second polypeptide may be in free solution. Binding is then 
determined using methods described above and weU-known to skUled persons. 

Also comprehended by the present invention are antibody products (e.g.. monoclonal and 
polyclonal antibodies, single chain amibodies. chimeric antibodies. CDR-grafted amibodies 
and the like) and other binding proteins (such as those identified in the assays above) which 
are specific for the Rad3 protein kinase domain or the Rad3/ATR lipid kinase domains. 
Binding proteins can be developed using isolated natural.or, rccorabinam enzymes. The 
binding proteins are useful, in mm. for purifying recombinant and namrally occurring 
ei^ymes and idemifying cells producing such enzymes. Assays for the detection and 
quantification of proteins in cells and in fluids may involve a single andbody substance or 
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muldple antibody substances in a "sandwich" assay fonim. TTie binding proteins are also 
manifestly useful in modulating (i.c., blocking, inhibiting, or stimulating) enzyme/substrate 
or enzyme/regulator intexactions. 

Modutaton of Rad3/ATR may affea its kinase activity, its localisation in:ihe ceU, and/or its 
intoaoion with members of the ceU cycle checkpoint pathway. Seleeti^ modulaton may 
include, for example, polypeptides or peptides which specificaUy bmd to Rad3/ATR or 
Rad3/ATR nucleic acid, and/or other non^de compounds (e.g.. isolated or synthetic 
organic molecules) which specificaUy react with Rad3/ATR or Rad3/ATR nucleic add. 
Mutant forms of Rad3/ATR which affect the enzymatic activity or ceUular localisation of 
wild-type Rad3/ATR are also contenq>lated by the invention. 

Furthermore, combinatorial Ubrarics. peptide and peptide mimetics. defined chemical entities, 
oligonucleotides, and naniral product libraries may be screened for activity as moduUtors of 
RadS/ATO kinase activity and Rad3/ATO interactions in assays such as those described 
above. 

F. Theranani.; ^f^^ 

Modulators of Rad3/ATR activity, including inhibitors of their lipid kinase and protein kinase 
activities, may be used in anticancer therapy. In particular, they may be used to increase 
the suscepdbUity of cancer cells to chemotherapy aod/or ndiotheiapy by viiwe of their ability 
to disrupt the cell cycle regulatory functions of Rad3/ATR. 

Thus the invention provides die use of compounds that modulate Rad3/ATR activity, 
identified by the screening assays described above, in a method of oeatmem of cancer. In 
one embodiment, said compounds are capable of inhibiting iad3/ATR lipid kinase and/or 
Rad3 protein kinase acUviiy. In another embodiment, said compounds are capable of 
inhibiting interacuons between ATR and itself and/or between ATR and other interacting 
proteins which may, for example, noiraally form pan of a multiraeric protein complex. 

It is to be understood that the tenn "compound' in this context also refers to the candidate 
substances selected in the above-described assays. 
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TypicaUy the compouods are fonnulatcd for clinical administration by mixing them with a 
phannaceuiically acceptable earner or dUueni. For example they can be fonuilated for 
topical, parenteral, intravenous, intramuscular, subcutaneous, intraocular or transdermal 
administration. Preferably, the compound is used in an injectable form. Direct injection into 
the pateient's nimour is advantageous because it makes it possible to concentrate the 
therapeutic effect at the level of the affected tissues. It may therefore be mixed with any 
vehicle which is phaimaceutically acceptable for an injectable formulation, preferably for a 
direct injection at the site to be treated. The pharmaceutically carrier or dUuent may be, for 
e xam ple, sterile or isotonic solutions. 

The dose of compound used may be adjusted according to various parameters, especially 
according to the compound used, the age, weight and condition of the patiem to be treated, 
the mode of administration used, pathology of the nimour and the required clinical regimen. 
As a guide, the amouu of compound administered by injection is suitably from 0.01 mg/kg 
to 30 mg/kg, preferably from 0.1 mg/kg to 10 mg/kg. 

The routes of administration and dosages described are intended only as a guide since a 
skilled practitioner wiU be able to determine readfly the optimum route of administration and 
dosage for any particular patient and condition. 

Compounds to be administered may include polypeptides or nucleic acids. The nucleic acids 
may encode polypeptides or tiiey may encode antisense constructs that inhibit expression of 
a ceUuIar gene. Nucleic acids may be administered by, for example, lipofection or by viral 
vectors. For exanqde, tiie nucleic acid may form part of a viral vector such as an 
adenovirus. When viral vecton are used, in general the dose administered is between 10* and 
10" pfu/ml, preferably l(f to lO" pfu/ml. The term pfu ("plaque forming unit") corresponds 
to the infectivity of a virus solution and is detennined by infecting an appropriate cell culture 
and measuring, generally after 48 hours, the number of plaques of infected cells. The 
techniques for determining the pfu litre of a viral solution are well documented in the 
literanire. 
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Any cancer types may be treated by these methods, for example leukaemias, and soUd 
tumoun such as breat. ovaiy. lung, colon, pancreas, testes, liver, biain, muscle and bone 
tumour. Preferably, the nmiour has normal ATR function. 



Z3escrit)tionofthenni.nT,p^ 
Hgure 1 

Ihe relationship between ATR. radS, mei-41, MECl, TELl and ATM 

A. OveiaU structures of ATR. Rad3* Mei^l, Meclp, Tellp and ATM. 
Legend: open square - Rad3 domain; hatched boxes - kinase domain 

B. Dendrogram based on sequence alignmenu generated by the Clustal method (PAM250) 
using DNAstar software. mUlESRllmei^VATR are more closely related to each other than 
to ^IW and TEL/. Sequences of radJ and ^Uf are available in the EMBL database. 

The foUowing examples Ulustrate the invention. 

The rods gene of S. pombe is one of six genes absohuely required for the DNA strucmre 
checkpoims in J. pombe (Al-Khodairy and Cart. 1992; Al-Khodaiiy etal. 1994). A sequence 
rcpreseming pan of the rad3 gene was reported by Seaton */ al. (1992). In attempting to 
clarify the intron/exon stmcure of this gene we idemified sequencing anomalies at both the 
5- and 3- ends. We have sequenced the complete gene (see Experimental Procedures) and 
find that /BdJ is capable of encoding a produa of 2386 amino acids. THe C-terminal region 
comains the consensus sequences typical of a subclass of kinases known as lipid kinases, the 
founder member of which is the pllO catalytic subunit of PI3 kinase (HUes et al. 1992). 

A truncated rad3 clone lacking the amino terminus and the kinase region has been reported 
tocomplememthe^a^iJ.^:pJWW.OgcnedisIuptio^mutamof/adJ(JiIn^^ 1992). This 
disiuption mutant does not remove the potential' kinase domain. To clarify the role of this 
domain, we have created a mil! mutant by gene replacement. TTus mutant has amino acids 
1477-2271 of rad3, including the kinase consensus domain, replaced by ura4'. This strain. 
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rad3.d, has idemical checkpoint defects and radiation/hydroxyurea sensiiivities to the 
mdJ.7J6 mutant (Nasim and Smith. 1975) and the original rodS.-.p/yw.o disruption mutant 
(Jiinenez et al. 1992: Seaton « al. 1992) (data not shown). We have created three separate 
point mutants in the putative kinase domain of mdJ and used these in gene replacemem 
experimems to construct strains with defined kinase nuU mutations. AU three strains, 
rad3.D223QA, nui3.N2235Kt>ndmd3J}2249Etayc phenotypes idemical to the radS.d mxU 
mntam (data not shown), suggesting that the kinase activity is tniuired for Rad3 function. In 
the light of our fmdings, one interpretation of the results of Seaton (1992) and Jimenez 
a al. (1992) is that the partial done may show intragenic complementation between the 
plasmid borne truncated gene and a genomic partial deletion which retains kinase function. 
Such an interpretation would be consistent widi Rad3 acting as a dimer or multimer. 

When the kinase nuU allele rad3J)2249E was moderately over-expressed in wUd type cells 
under control of a modified mml promoter (Maundrell. 1990). it caused extreme radiation 
sensitivity, assayed by UV strip tests, and acted as a dominant negative mutant (data not 
shown). When die same kinase nuU construct was expressed at a higher level, it inhibited 
growth (data not shown). Examination of the cells indicates that division continued very 
slowly, and at a smaller cefl size wild type cells and cells containing empty vector divide at 
approximately 15 microns, while md3 and rad3.D2249E over-expressing cells divide at 
approximately 11.2 microns (data not shown). In S. pombe, this usuaUy indicates an 
advancemem of mitosis. 

The human rad3 homolog. ATR 

To identify a human form of rad3, a combination of methods was applied. TTuough these 
approaches, we have cloned the entire coding region of a human gene (see materials and 
methods), which we have named ATR (a|axia and rad related). ATR is capable of encoding 
a 2644 amino acid protein which is much more closely related to the products of S. pombe 
rad3, S. ceremiae ESRl (Kato and Ogawa, 1994) and D. melanogaster mei^l genes (Had 
et al. 1995) than to the human ATM and S. cerevisiae Tell proteins (Savitsky « al. 1995; 
Grecnwell et al. 1995) and is likely to be the true homolog of radS. ESRI is allelic to the 
mecl/sad3 checkpoint mutants (Allen et al. 1994; Weincrt et al. 1994) which have an 
equivalcm phcnotype to rad3. ATR is less closely related to the human checkpoint gene ATM. 
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comaiaing Ctenainal putaUve Upid kinase domain and having a similar ovaaU aruauie 
Sequa^alignmemsdemonstntecleariy that the md[J/£3^^ 

are more closely related to each other than any arc to ATMo, JUJ. zndrtztAm ismott 
homologous to TELI (Figure 1). 

TTie gene is expressed in a wide variety of tissues (Savitsky ef^ In 5 

cere^siae, ESRl shows low level expression in mitotic cells but is rapidly induced during 
mciosu I (Kato and Ogawa, 1994). Using Northern blot analyst, we have demonstrated that 

is also weakly expressed in many tissues but that it is more highly expressed in testis 
(datt not shown). Given that ATO, Rad3 and Esrlp proteins are more highly related to each 
other than to ATM. the higher ^27? expression in testis is consistem with the observation that 
Esrlp has a role in meiotic recombination (Kato and Ogawa. 1994). Using FKH and PGR 
analysis, we have m^ AlJt to chromosome 3q22 - 3q25 (data not shown), m region 
IS not associated with known cancer prone syndromes. 

In order to further investigate the possibility that Rad3 acts as a multimer. we have created 
n^o separate tagged constnicts of fiUllengdinaiJ in pREP based inducible vea^^ Inone, 
Rad3 is translated with two myc epitope tags at the N termimis, while in the 
substimtcd for a triple HA epitope tag. When bod, constructs are expressed together in wUd 
type cells, it is possible to co-precipiiaie the HA tagged Rad3 with the myc specific amibody 
and the myc tagged Rad3 with the HA specific antibody (data not shown). TTus demonstrates 
that. « vrw. the Rad3 protein is capable of self association and is fully consistent with the 
complementation daa of Jimenez et at. (1992). 

Although the ^ gene could not complemem the phenotype of the md3 mutants, we have 
investigated the abUity of ATR to form a protein complex with S. pombe Rad3 by expressing 
both ATR and myctagged S. pombe Rad3 in the same yeast cells. Using an anU-ATR 
antibody (which does not precipitate S. pombe Rad3. see materials and methods) we are able 
to co-piecipitate the yeast protein. We were also able to precipitate the human ATK protein 
w.th myc-specific amibodies that recognise the S. pombe Rad3 (data not shown). These data 
suggest the human and yeast proteins can form a heteromeric<omplex. which supports the 
comention. based on the sequence simUarity. of a close functional relationship between these 
bomoloeues. 
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lfad3 proteins have assodaed kinase aaivity 

Since mnageasis experiments suggest that the kinase acthliy of the Rad3 proteins in vivo 
appean to be essential for their fiinction, we have investigated this activiiy further. Using 
S. pombe rad3::ura4 cells expressing HA tagged S. pombe Rad3. we have been able to detect 
a significant protein kinase activity which precipitates with HA-specific antibodies only when 
Rad3 is induced and which is not changed foUowing irradiation (data not shown). Tliis 
activity, which is specific to Rad3 or coiirecipitoting kinase, appears to reflect 
phosphoiyhuion of Rad3 itself, since the major band above 200kD that is phosphoiylatcd can 
be detected by Western analysis with anii-HA antibody (data not shown). Attempts to 
identify convenient in vitro substrates such as myelin basic protein, RP-A and several purified 
S. pombe chcckpoim proteins have so fer proved unsuccessful. When the IP in wrro kinase 
assay is performed with cells over-expressing a "kinase-nuU" D2249E version of Rad3. the 
associated kinase activiiy precipiuted by HA-specific antibody is significantly reduced (data 
not shown). There are several possible explanations for this. TTje measured kinase activity 
could reflect Rad3 activity directly. In this case the residual activity seen with the kinase 
dead Rad3 could reflect the fact that it is not unknown for the equivalent D to E mutation in 
other protein kinases to produce a biologicaUy inert protein with residual in vitro biochemical 
activity. Alternatively the kinase activhy which phospborylates Rad3 may be due to 
associated proteins, and these may interact less effectively with the D2249E mutant protein. 

Discussion 

The checkpomt pathways controlling cell cycle progression foUowing DNA damage or 
interference in the individual events which comprise the cycle are of considerable importance 
in maintaining genetic stabUity and can be considered as pathways which suppress 
tumorgenesis. Several nanour suppressor genes are intimately involved in subsets of the 
checkpoim pathways (reviewed in Hartwell and Kastan. 1994), particularly those affecting 
the transition from Gl into S phase and comminnent to the cell cycle. The convergence of 
the two yeast model systems for checkpoints clearly indicates that the genes involved in ihbse 
pathways are conserved. Our work extends this conservation to metazoan cells, and clarifies 
the relaUonship between radS, ESRHMECl/SADJ). mei'41 and the ATM gene. 
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In this work we demonstrate that the conect sequence of the rad? gene places its product in 
the family of proiein/lipid kinases related to ATM. Over-expression of Idnase-defeoive nd3 
mutant in S. pombe causes a dominam negative phenotype. which suggests that Rad3 is acting 
as a metnber of a protein complex whose integrity is necessary for checkpoint function. TTiis 
is consistem with the observation that radl, rad9. radl7, rad26 and husl deletion mutants 
aU have pbenoiypes indistinguishable from radS.d (Sfaeldrick and Carr, 1993). Unexpectedly, 
unlike the remaining cbeckpoim rod genes, high level over.expression of either wild type or 
mutant rad3 alleles inhibiu ceU growth and causes mitosis to occur at a reduced ceU size, 
indicative of premanire entry into mitosis. Tliis -semi wee" phenoiype is not observed in the 
nuU mutant, and may indicate interference in a second pathway whose function overlaps with 
that of Rad3 and acts to inhibU mitosis. A candidate for such a pathway is the ATMITEU 
pathway which has been shown to have some overlapping functions with the 
ESRimCllSADl) pathway (Morrow et al., 1995). 

The strucmrc of ATM is most closely related to the Tellp. which is involved in maintaining 
telomere length (Greenwell et al., 1995). However. A1W function also appears related to that 
of the Rad3/Esrlp/mei-41 products. Following the initial discovery of the ^TTJf gene and its 
sequence relationship to the radilESRl genes and to 2^7, it was not clear whether, as in 
many cases in yeast, the gene had duplicated and diverged in yeast, or whether the two yeast 
proteins defined conserved sub-families of closely related genes. Tlie significant finding of 
this work is the identification of a human gene. ATR, which is more closely related to 
rad3IESRllmei'4I. Ibaa defines two strucnually distinct checkpoim related subfiunilies of 
protein/lipid kinases that are conserved throughout eukaryotic evolution. Although the 
proteins in these two subfamilies may have some overlapping functions, they probably control 
differem processes. For example: the rad3 sub-family in yeast control all the Gl and 02 
DNA damage checkpoints in response to both uv and ionising radiation, and the S phase 
checkpoint which prevents mitosis following inhibition of replication (Al.JChodairy and Carr. 
1992; Allen et al.. 1994; Weinen et al.. 1994). In contrast. A-T cells have abnormal 
responses to a narrow range of DNA damaging agents including ionising radiauon. bleomycin 
and ncocarzinostatin. which produce strand breaks in DNA as a consequence of radical 
attack. The response to uv and most chemical carcinogens is normal, as is the response to the 
inhibition of DNA syntiiesis. It is possible that some or aU of the remaining DNA damage 
checkpoims and the S phase checkpoint are controlled by ATR. 
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Experimental procedures 



Strains, plasmids and media 

Standani genetic teduuques, growth conditions aiul med^ 
mOmetal. (1974). S. pombe strain spOU (un4.D18. leul.32 ade6.704 h) has been 
described picviously (Murray et al. 1992). Plasmid pSUB41 wai a gift ftom S. Subiamani 
(Scaton er a/. 1992). 

Ooning ofS. pombe radS 

A 4.0 kb Kpnl fragment was excised from pSUB41 and sequenced in bodt directions 
to obtamtiie 5* rad3 sequence. ITie 3' clone was identified from a genomic Ubiaiy (Baibct 
et al. 1992) by colony hybridisation using a 1 kb 3* probe derived from die published mdJ 
sequence, and sequenced in botii directions. In tiiis way. die sequenc^ of die entire radS gene 
was assembled. 

Null and 'kinase dead" radS mutants 

A constmct of rad3, in which die 794 amino acids between aa 1477 and aa2271 
(including die kinase domain) were replaced widi a um4+ gene, was created using die 
mediodology described in Barbet et al. (1992). A linear foigment of diis was used to 
transform spOll to uracd prototropy and single copy integration at die rad3 locus was 
checked by Soudiem blotting. To create die site specric kinase null mutations, a C-tcrminal 
3.01 kb Bamm-SaO. firagmem of naO was mutated widi eidier (A: 

OTTTrCGCCATCCCOCOCrCCCAAACCCAA, B: TTCATCAAACAATATCmrCGCCATCOCO. Of C: 

CAAAAACACAOTTQAATTOOACATGOATAG) in ordcT to introduce eidier die D2230A, N2235K or 
D2249E mutations into die kinase domain. Analogous changes have previously been used in 
the analysis of PI3 idnase VPS34 of S. cereyisiae (Schu et al. 1993). TTiese fragments were 
dien used to transform die rad3.d null mutant and gene replacements selected by dieir abUity 
to grow on FOA containing media (Grimm et al. 1988). All strains were checked by Soudiem 
Wooing. Full lengdi expression constnicts of rad3.D2230A were created in pREPl and 
PREP41 (Maundrell. 1990) by standard subclonlng following introduction of an Ndel site at 
die ATG and deletion of dure internal Ndel sites. 



UV radiation sensitivity strip tests 
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Expiession from REPl (high) and REP41 (intamediate) was induced by the absence 
of thiamine for 18 boms prior to plating. Plates were inadiated with a gradient of uv doses 
down the plate from 0 to 300 Jm-» according to the settings on a Stratagcne Stratalinker. 

Cloning and expression of ATR 

To isolate an appropriate probe for identilying cDNAs correspondihg to a hmnan rad3 
homologue, degenerate oUgonucleotides were designed against the amino acids LGLGDRH 
(5' oligo; 0DH18) and HVDF[D/N]C (3* oUgo; oDH-16) of Rad3/Esrlp. Inosine was 
incorporated at positions of four-fold degeneracy, and primers were taUed with Bamm 
(0DHI8) and £coRI (0DHI6) to facilitate cloning. DNA sequence analysis of the -100 bp 
PGR product obtained from amplification of periphetal blood leukocyte cDNA demonstrated 
significant simikrity to A/£Cy/r«a. This sequence was used to synthesize a non-degeneiate 
primer(oDH-23;<ucocAOAATTCAccACTCAAACAATCAAAOAo) for PGR with an additional degeoeiate 
primer (oDHIT) designed against the amino acid sequence KFPP(IAri(L/FJY[QyEJWF of 
Rad3/Esrlp. The 174 bp product of this reaction was used directly to screen a macrophage 
cDNA libraiy. Four positive clones were isolated (the largest approximately 3 kb). 

In paraUel, database searches with full length S. pombe radS derived from the EMBL database 
a human cDNA clone, HSAAADPDG, as a potential homologue ofradJ, if a single frameshift 
was allowed for in the 233 bp sequence. TTiis 233 bp sequence is contained within a 1.6 kb 
clone obtained from Dr. N. Affara. Human Molecular Genetics Research Group. Cambridge 
University, UK. The entire clone (1.6 kb) was sequenced and Ues within the cDNA clones 
identified by degenerate PGR and library screens. To identify the whole gene. RAGE PGR 
experiments were perforined on cDNA derived from placental and thymus nxRNA using the 
instructions provided with a Clontech Marathon Kit Gene specific primers were derived from 
the cDNA clones. From these experiments, a 8239 bp cDNA sequence was assembled with 
an internal ORF of 2644 amino acids, a 79 bp 5* noncoding region, a 194 bp 3" noncoding 
region and a poly A' tail. Parts of the sequence were detennined solely by PGR, To avoid 
cnors, clones from a minimum of 3 independent PGR reactions were sequenced in both 
directions. 
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The 233 bp sequence conesponds to the sequence of nuclcoUdes 6809 to 7042 (234 m in total) 
of Seq. ID No. I except for a single base deletion at position 6942. This sequence encodes 
amino acids 2244 to 2320 of Seq. ID No. 2. 

The sequence of the "1.6 kb" insert corresponds to nucleotides 5725 to 7104 (1353 nt) of Seq. 
ID No. 1. and encodes amino acids 1892 to 2340 of Seq. ID No. 2. 

Northern blot hybridisation: a 1.3 kb PCR product was amplified in the presence of ^-dCTP 
using primers 279-3 (TOOATOATOACAOcnncTc) and 279-6 (TCTACTCOcrociouTOTc). A nylon 
membrane containing 2 /ig of size-fractionated polyA+ RNA from a variety of human tissue 
sources (aontech Laboratories) was probed as recommended by the manufacturer except that 
tiie final wash was pcrfonned at 55-C ratiier dum SO^C to minimize the possibility of cross- 
hybridisation to related sequences. 

Maj^ingATR. 

We mapped the ATR gene to chromosome 3 by a combination of fluorescent in sim 
hybridisation and polymerase chain reaction (PCR) based assays. FISH analysis using a cDNA 
clone identified the ATR gene on chromosome 3, at ^jproximately poation q22-23. PCR 
analysis also identified ATR on chromosome 3. Two primers (oATR23: 
OACGCAGAATTCAocAorcAAAGAATCAAAGAO and OATR26: TCOTncTaAOAACATTCCcroA) which amplify 
a 257 bp fragment of die ATR gene were used on DNA derived from human/rodent somatic 
cell hybrids contaming various human chromosome panels available from the NIGMS Human 
Genetic Mutant CeU Repository (Drwinga et al. 1993). PCR witii the same primers was used 
to sub-localise ATR to a specific region on chromosome 3. The templates for these 
amplifications consisted of DNA samples from patients widi tnmcations along chromosome 
3 (Leach era/. 1994). 

Immunopreeipitation (IP) and kinase assays with RadS 

The 5. pombe radi and human ATR genes were cloned into pREP4l expression vector 
for complementation smdies. To Ug the proteins, versions of these vectors containing in- 
frame N terminal tag sequences, either a double myc or a triple HA tag, were used (Griffiths 
ei al. 1995). Tagged proteins were expressed by growing in media without thiamine 
(Maundrell. 1990). Yeast cells lysed in lysis buffer (25 niM Tris.Cl pH 7.3. 60 mM B- 
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glycerophosphate, 0.1 mM NajVO^, 1% Triton X-100, 50 mM MaCl, 2 mM EDTA. 50 mM 
NaF, 1 mM phcnylmcthylsulfonyl fluoride [PMSF], 5 jig/ml Icupcptin, 5 fig/ml aprounin, I 
mM DTT) by the addition of glass beads followed by treatment in a dismembrinator for 2 
minutes. For IP*s 300^g total protein extract was incubated on ice with the appropriate 
antibody for 30 min and the immune complexes precipitated by mixing with Protein G beads 
for a further 30 min at 4^C. For kinase assays, the immune complexes were washed 4 timed 
with Lysis buffer, once with Kinase Buffer (25 mM Hepes pH7J; 50 mM KCl; 10 mM 
MgCl,; 0.1% NP-40; 2% glycerol; 1 mM DTTX and incubated in Kinase Buffer with 10 fiM 
ATP [50 Ci/mmol]) for 15 mimites at 30*C The reactions were stopped with 20 ul 2X SDS 
sample buffer prior to separation on 6% polyacrylamide gels. Rad3 IP's contained several 
phosphorylated products, including one which comigrated with Rad3 protein itself on Western 
analysis. 
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Sequence Infhr^inlffn, 



Sequence ID No. 1: ATR seq 

1 GCGCTCTTCCGimCQGTACGmGGAGACGamSAACCCGCGTTGGC^ 75 
76 CAGCATGGGa3AAaTGGCCTGGA103GCnCCATGATCCCC(mT(K^^ 150 
5 151 GGAATATAATA(»EnGTAaGAAGCCAAGACAAAnCTGrCTCMTTCATTGACC^ 

226 TCTTGTTCCTGTAGAAaTGTAAAGAAAACTGAaCTCAGCCAACCTCCG^ 300 
301 TATCATBAAATOrTCCCCXTTATGmGTAAATCTGAfiTGGAAimTGAGCGCAAAQa^ 375 
376 CWrAATreSATCATAACGAG AOTCTGCGG ATTCDUiC^ 45O 
451 TGAAGTCATCTGTTCAmmTrTCTTmAAAAGCAAGAGTCCTGCTATT^ 525 
10 526 AnACAACTTTTTCAAQACTTimTACaCCATAGAAO^ 600 
601 CATGAGCCGATTmAAfiTCAAnAGATGAACACATGGGATAmACAATCAGCTOr^ 675 
676 GCAAAAmAGAATTTATTCAAGTCAnTTAnAATianTnTACTCGTAm 750 
'51 G«AGAACTCTTACmGS»GATAG(nTCTGTTl^ 825 
826 TAGCTTmAAaGAACTTmCAGCT7a3AGGACTACCAa>«>W:C^ 900 

15 901 GGAAmnAAAACACCTTGTAGAAATGGATACTGAO^UTTBAAACTnATCAAGA^ 975 
976 AAAGACAaA mCCCr nGAAGCAGAAGCnATAGAAATATTGAACCTCTCTAm 1050 

1051 ACTCnn^GTCATCTTTGAAGACGGTGTOTCATKJSGCTTAACT 1125 

1126 ACTGCAGTATTTCCnAAAmGTGCCAQCTa3GTATGAATCTB(TITA(^^ 1200 

1201 TATTTGTAAA(Kn-(TrrTQGATCTGCTTGGMn6Aan'A(3ATa^^ 1275 

20 1276 TTTBAAAATGGAAAGTATGGAAATWnGAGGAGATTOUTGCCAAACT^^ I35O 

1351 TaTGGAATATCACCCAAAAGtmCGTCTCAGCTCGTCTCTAAACCCTTaAAAAGAGCACCA^ 1425 

1426 GGAAAnAAACAT(n'G(yOTGWEAAAAGAGCATAnATGGACTGCACTGAAAC^^ 1500 

1501 GAmCCCTTBAATACAGTBGCCTAAAGAATCCTGnAnGAGATGnA&W^ I575 

1576 GACTCCTCIBTCTACTinTanGTTCTaTCAAAACATBAACTGCCGTAnn 1650 

25 1651 CAAGAAGAAACCnCTGTAGTGftTAACTTGGATimnGGATTmACAC^^ 1725 

1726 i I Itil lAGAATCTGITCASAAACTGGACCTCGAimACCAnWTAAGGTCCTQVAAA 1800 

1801 nATATOrAAGTAAACAGnaTTTGAAGATCATATCCTGGAAWmATGTBGTATGCTaCAl^^ 1875 

1876 nAmCCAnCTBATBATG(OnnAAACTTGACCACAmGCCGCTAATCTTCTAAanAA(0^ 1950 

1951 T7l»GATAGCTAnCACCACAGGCACAATCACGATGTGTCTncnCTGACraGm 2025 

30 2026 T GAGTGG A6AACAGO«imACAAaGGGCCCTGCAa\[gTC 2IOO 

2101 ATTTmATCnATTGCAGCAGC^GAAnCTTGTAACAGAGnCCCAAGAncnATAGATAAAGTC^^ 2175 

2176 nCTGAanGTCAAGAAA(yWTTTCCnCTATACnGCTCAACnGTCTGTACTOT 2250 

2251 GACAAfin-anAACAGAACCmCTCrGAACACGGACATGTGGACCTaTCTGTAB 2325 

2326 TCAACATGAATCTTCATCnCTCAACTAAAAGCTTCTGTCTGaWGCaTTCCTmCCT^^ 2400 

35 2401 ACCTAGTCCAGTAAAACnGCmCATAGATAATaACATCATCmGTAAGCATCnGATmAi^^ 2475 

2476 AACAGATGTAAAAGCAGncnGGAACmAnAAATTTAATGGAAGATC0«5ACAAAGATOT 2550 

2551 TAGTBGAAATATCAAGCAUTAnOGAATCCTTQGACTCTGAAGATGGAmATAAAGGAQCTTm 2625 

2626 AATGftAEGAAGCATATACACATGCOAAATATCAAGAAATAATGAGaGAAGGATACCnGAnCTTACAACAffi 2700 

2701 GGATAnGGAAGGGCCGCAAAAGGAGATTTGGTACCATTTGCACTCnACACTTAnGCATTGmGnATCCAA 2775 

^0 2776 GTCAGCA TaGTaCTGGAGCAGCATACACAGAAAnAGAGCTCTGGnGCAGaAAAAGTGTTAAAaGCAAAG 2850 

2851 TTTTnCAGCCAETATAAGAMC(XATa6TCAGnmG6TAGAATaCTTCACTaAGTCAGAT» 2925 

2926 TCCGAATAaCCATGCCAGAATGCTGACGTGCGAAAACAAGATGTGQCTaCCAGAGAGAAATGGCmAAATAC 3000 

3001 GnGTCTGAAAnGCCAACGTTTTCGACmcCTGATCnAATCGTTnCTTACTAGGACAnACAAGnCTACT 3075 
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3076 ACaGATCno:TGCCAAAGaAGCCCTffi:flGCTTa(rTCTCATTa^^ 3150 
3151 TCGTAGASflGATTTTAATAAACAACTTCAAATATATTTTTTCTCATTTG GILH » l ICI Ibl IC CAAAG^TGAATT 3225 
3226 AGftACGTGCCCnCATOTaGAAGAATGAAACAGAAAnGAACTGGGGAaCTOT 33O0 
3301 ATTGaTMTCAAnAnOT(OTATTGGAGAAC»CTATaACAGGTTmMTGGTT^^ 3375 
3376 AmGCATa:AGTlWTGATCCATATCAffiaCC{WW^ 3455 

3451 AcaMAw;nGGscArmaumm/^wG(^ 3525 

3526 MTCGCOTGAACAGmGATin-anGATGAAGTTAATGGSACCDVWy^T^ 3600 

3601 GATGACCACACTGAGAACTaCCTTOWnCAAGGATGATmCCTGAAnGTGni^^ 3575 

3676 TGrrCGCTGCCreGATCATGCTTGTCTGGGCTOmCTC^CATGrAATACTAa 375O 

3751 CATCCAGCCTAAAGAAACTGttGCTATCnCCACTACC^ 3325 

3826 TaTGAAATATATTTmACCTGATCATCCAGAAnAAAAAAGATAAAAQCCGrrCTCCAGGAAT^^ 3900 

3901 GACCTaGAGAaCACTEATCnoyjACAACTCTTCAGCTCraATGA^ 3975 

3976 TCGTAnWTGCTCTTACAAGCTTBAAGGAAACCnGTATAAAAATCAayww^ 4050 

4051 CA(nGAAACAGTAGAACCTATOTa(XA(5TTGCTGACASTB^^ 4125 

4126 AGCTramHTnBTGGGGAATGmAGGGGAATTCGGGGOATAGATa^ 4200 

4201 TGAAAaCAAGGAAAAGATmACATTTinGACTGGAGTAGAAGATTCAAGCTTT^ 4275 

4276 OrrAACAAfiAGCnACCTTGCGTATGCTGATAATAQCCGAfiCTCAAiWTTCAG^ 4350 

4351 GCmCTAmATGACTCTAGAGAGATGGAGACCAAC6GCCCAGGT(X(»AT7^^ 4425 

4426 TGTTCGGGAAATAaAGAACCTCATCTAAATACCAGATACAAGAGTTCTCAGAAGTCAAa^ 4500 

4501 AAAfiAAQCCAATTTACTTAAGTAAATTGGGTAGTAAOTTGCAGAATGinCAGCATCT^^^ 4575 

4576 TAWAAGOTCGACATGATCnGCCAGTAAAATTTTCACCTGCTCTAOIATOTGAT^^ 4650 

4651 CSACaTCTAT(TrcnCCACATAnCT6STGTATCT(TrACTGGCTTGTAATCAAGAAGATCAfl{M^ 4725 
4726 TGCAGAAAnATGGCAGTTCWAA^ 4555 

4801 TCAAaCAGT'ACACAGACTBTBTTacaTGCTTGACaTCTCACAD^ 4375 
4876 GAAAGCTSAGAAATGTCCACACAGCAAATCAAACAGAAATAAGGTAGACTCAATGGTATCTA^ 495O 
4951 AGAaATWGAGTOTAACCCGTmCTAGACaCATACCCCAGGATAaCTGG(^ 5025 
5026 AGCATACAOmGOBTAATGCAOTTGAATCAmATTACAGAAAAGAAGCAAAAT^^ 5100 
5101 ATTmACAGAAAnGTATGCTGaATGCATGAACCT6ATGGAGTGGCCGGAGTCA(n6CAAnAGAAA^^ 5175 
5176 ACCATCTaAAAAGAACAGATCCnGAACATCAAAGCCTTCGCnGaGAGGGATCCCACTGCT^ 5250 
5251 GGaAnCAGCTAGAACCAGACOGATCATTCAnATaTGGTGTAGTAAAGTCCATGnAGGTCTm 5325 
5326 GTCTACTGTTATCACTCAGGTGAATGGAGTGCATGCTAACAGGTCCGAGTGGACAaATGAATTAAACACGTA^ 5400 
5401 AGTGGAAGCAGCTTGGAAAnGTCACAGTGGGAmGGTGGAAAACTAmGGCAGCAGATGGAAAATCTAC^ 5475 
5476 ATGGAGTGTCAGAaGGGACAfiCTAnAmTCAGCCAAAAAAAGAGATATO^^ 5550 
5551 ACTACTGAGAGCAGAACAAAnGTACaCTTTCAGCTGCAAGCmGAAAGAGGCTCCTACCAACGAGGATAT^ 5625 
5626 ATATAnGTGAGATTGCACATGTTATGTGAGTTGGAGCATAGCATQW«XACrmCCACCAn^^ 5700 
5701 CAGTTaCAAGAA6ATTCTaAAACTGGGTAGCTCGACTAGAAATGAC(XAGAATTCaACAG^ 5775 
5776 TATCCTiGGCTCTCCGGAGGGCmACTAAGCCT(^CAAAAGACCAGAnACAAT6AAATG(rTGG^ 5850 
5851 6CTG(»GAGTGCCAGGGTAfiCTAGAAAGGCTGGTCACCACCAGACAGCCTAOWTGCTCTCOT^ 5925 
5926 ATCAC»mCGCTGAACT6TACGTGGAAAGGG(^GTGGCTaGGTCCAAGGGTGATGnCACCAGG^ 6000 
6001 TGncrrCAAAAAGGTGTTGAAnATGTTnCCTGAAAATGAAACCCCACaGAGGGTAAGAACATGnAATCCA 6075 
6076 TGGTCGAGaATGCTACTAGTGGGCCGAmATGGAAGAAADaTAACTTTGAAAGCAATGCAAnATGAAAAA 6150 
6151 ATATAAGWTGTGACCGCGTGCCTGCCAGAATGGGAGGATGGGCATTmACCTTGCCAAGTACTATGAC^ 6225 
6226 GATGCCCATGGTCACAGACAACAAAATGSAAAAGCAAGGTGATCTCATCCGGTATATAGncnCATm 6300 
6301 ATaCTACAATATGGAAATCAGnaTATATCAGTCAATGCCACGAATGTTAACTCTATGGCTTGAmTG^^ 6375 
6376 AAAGGaTATGAATGGGAAAAAGCTGGCCGCTCCGATC6T6TA(>AATGAG(y\ATGAmGG6TAAAATAAACM 6450 
6451 anATCACAGAGCATACAAAaAmAGCTCCATATCAATTmGACTGCTTm 6525 
6526 TTGTaTTCTCACGATGAAGTTmGTTGTmGATGGAAATAATAGCCAAAGTAmCTAGCCTATCCTCAAW 6600 
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6601 WSCMTGTGGATGATGACAGCTGTCTCAAAGTCATCTOTCCWTGCGTGTGM^ 6675 
6676 TAAAGCTAnCATATGAAAAMT(rrTA(»GAAGTTTrnTGGAGATGCm 5750 
6751 AnGT(mTAAACC{mGATGBAAGTAGnCCACAnAASCATGAGCAaCATmAAAAT(m 6825 
6826 GCTAGAAGAAGCAACAmAGTGAAATCCTCATTCCTCTACMTCAfiTCATEA^^^ 6900 
6901 GGCTACCCATGCTAACCATaTAGCaTGAACCATTTCCTGGACATTGGGCm 6975 
6976. GGTGGAAAncncmCTCTrCAGAAACCAAAGAAGAmCmAAAAGinCAW^ 7050 
7051 WTGTCTAAGCCAAAAGATGACCTBAGAAAGGATTGTAGACTMTGSAATTCMnCCT^ 7125 
7126 AA£5AAAAaATBCAGA(nCTCGTAGAAGAGAACTTaTAnCGAAaTATGCAGTTATT^ 7200 
7201 TGGt»TOTTCAATGGCTGAACAACACTCCTG(m6AGACCTAnCT(ymA«^ 7275 
7276 GTATATGACAGGAAAAGAACnCGCCAGTCTATGCTACCAAAGTEAGCAfiCmATO^^ 735O 

7351 CCGAGAATTTCTCCTaCCAGOrATCCTCCTATTTTTCATGAGTGGm 7425 

7426 ATGGTACAGTAGTAIWTCAGnTAaGCCCTTaXTGCAGTAATCTCAAT^^ 7500 

7501 AGACCGTCATGCTGAAAATAnCTCmGATTCmGAOOTGAATGCGrACATGT^ 7575 

7576 CAATAAGGGAGAAACCmGAAGTTa:A(yWATTBTGCCAmCGCCTGACTW 7650 

7651 TCCTATCGGAACA£WGGGTmTTTlEAAGAGCATCTGAAOTACW 7725 

7726 TnAATGAGTCTCnAAAGACTTTlCTACATGATCCTCTTCTGGAATGGAETAW 7800 

7801 AGC(mCT(»ATGAAACTGiyiGAAGrTGTCAATGAAAAGGCCAAGACa^ 7875 

7876 ACAAGGTGTAAT(^GACT(^TAGAGTGACAGGACTCCCGTTATCTATTGft^ 795O 

7951 ACAAfiflAGCTACTGATGAAAACTTACTATGCCAGATGTATCTTISTTGGACTCCATATA^ 8025 
8026 CTAAAAGAATATCnAATAATCTAAAAGTAATGCAmGSTATGAATCTCTGGTTCTATCTGnCAAnCTAAM 8100 

8101 TACAACATAAAmACOTCTCAGCAAaGnATnrrCTCT(»TCAnAAmTATGTAAAATA^^^ 8175 

8176 tmmMimiWiCJGrmrrTtt T ttt Aii i fi ^ f^f^ ^ fi ^^^ g^jg 

Sequence ID No. 2: ATR protein 

1 WEHGLELASHIPALRELGSATPEEYNmOKPRQILCOFIORILTOVNVVAVELVKiaDSQPTSV 66 
67 HLLDFIQHIMKSSPIilFVWSGSHERKGSCIEFSrMIimLRIAATPSCHLLHKKICEVIC 141 
142 FGVLTKEUQLFEDLVYLHRIWVMGHAVEWPVVMSRFLSQLOEHMGYLOSAPLQLMSMmEFIEVTLlM 216 
217 lAIVFFRRQELLUWIGCVaEYGSPKIKSLAISFLTELFQLGGLPAQPASTFFSSFLELLKHLVEmTlW 291 
292 KPLSKLIKUFPFEAEAYRMIEPVyL»tLEKLCVHFEOGVLMRLKSDLLKAALa 366 
367 VRmVRNICKAUJ)VLGIEVlWEYLLGPLYAALWCSHEIIEEIQCQT(X)ENI^SOGISPK^ 441 
442 WWKOTEEIKHVDNNQICSILKSALKOICAESLOISLEYSGUCNPVIEML 5I6 
517 «DC0H(SKICn«SWI7W1SLimKVUCSCRSU.ESV0KLDLEAnDKVVKIYW^ 591 
592 GNLSLPWIYSHSODGCLia.TTFAANLLTLSCRISOSYSPOAOSRCVFLLTLFPRRIFLEWRTAVY»WALOSSHEV 666 
667 IRASCVSGFFILLQQQNSCNRVPKILIOKVICOOSDIVICKEFASILGQLVCTLHGHFYLTSSLTEPFSEH^ 741 
742 CRNLKATSWECSSQLKASVOPFLFUJCKKIPSPVKLAFIONLmLCKHLDFREOETOVICAVLGTLLNLMEDP 816 
817 DKDVRVAFSGMIWIILESLOSEDGFIPCEIJ^VLRWCEArmAQISRNNELKDTLILnGOIGRAAKGOLVPFALLH 891 
892 LI^CLI^KSASVSGAAYTEIRALVAAKSVKLQSFFSOYKKPICQFLVESLHSSQMTALPMTPCONAOVRKODVAH 966 
967 OREMAUTLSEIANVFDFPDLNRFLTRTLOVLLPDLAAKASPAASALIRUGICQLNVNRREILINNFKYIFSHLV 1041 
1042 CSCSKDELERALHYLKNETEiaGSLLRQDFQGLHNELLLRIGEHYOQVFNGLSILASfiASSDDPYOGPROI ISP 1116 
1117 ELMADYLQPiaLGILAFFNMClLSSSVGIEDKimNSIJlSUIKLMGPICHVSSVRVKHMmRTGLRFKDOFPEL 1191 
1192 CCRAWDCFVRCLOHACLGSLLSHVIVALLPLlHIOPKETAAIFHYLIIENRDAVQOFLHEIYFLPOHPaKKIKA 1266 
1267 VLQEYRKETSESTOLOmOLSMKAIOHENVOVRIHALTSLKETLYICNQEKlIICYATDSETVEPIISOLVTVLLK 1341 
1342 GCQOANSQARLLCGECLGELGAI0PGRL0FSTTET0GKDFTFVTGVEOSSFAYGLLMELTRAYUYA0NSRA0DS 1416 
1417 AAYAIQELLSIYOCREHETNGPGHQLWRRFPEHVREILEPHLNTRY»:SSOICSTOWSGVKKPIYLSICLGSNFAEWS 1491 
1492 ASWAGYLITKVRHOLASKIFTCCSIMMKHDFKVTIYLLPHILVYVLLGCNOEOOOEVYAEIMAVLKHODQHTINT 1566 
1567 QOIASOLCOLSTOTVFSMLDHLTOWARHICFOALKAEKCPHSIGNRNKVDSMVSTVDYEDYOSVTRFLOLIPOOTL 1641 
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1642 AVASFRSKAnRAWWESFITEKKQNIOEHLffLOKLYAAWETOV 1716 
1717 DATACYDWiaEPDQIIHYHGVVKSHLa(3QI3TVIT0VN 1791 
1792 AA06KST7WSmQ(XaSAiaCRDITAR0SL)aVR^^ 1866 
1867 IJ(IHSP6DSSQEDSU^IVARLD<TQNSyRA)CEPI^^ 1941 
5 1942 NALLKAffiSWmYVERAKWLWSKGOVHOftLIVLO^ 1016 
2017 ESNAIM»XYW}VTAaP£WED0<FYLAKYYDiai1PMV^^ 2091 
2092 TUfflJ)yGTKAYEWE<AGRSDRV(miOLGKINKVIT^^ 2166 
2167 VFUYPQ(m«MTAVSIGSYPMRVNRCICEIIiKAIHM^ 2241 
2242 HFKMLWaV£EATFSEILIPLQSVMIPTLPSILGTHA)WA^ 2315 
10 2317 SOGKFYIM^lCKPKDOLRKOCRIit£FNSLINKCL^^ 2391 
2392 KLYKEKGVYrffGKELRQCMLPKSAAI^EICLKVFREFLL 2466 
2467 VGYILa(2)RH6ENILFDSLT6ECVHV0FNCLFNKGETFEVPEI^ 2541 
2542 LMRDQREPLf^VLICTFLHDPLVEWSKPVKGHSKAPLNET^ 2616 
2617 EGHVHYLIOEATDENLLCOMYLamH 2664 

15 Sequence ID No. 3: radS.seq 

1 GGTACCAA(STAAAAACTGCnAGTAAGTATAAAACACAGW 75 

76 TGACGCTCCAaGACGCTATAfTTCAATGAGAA^ 150 

151 TAmAmAAGAAATAATTBAATTAAAACTCAmcncrmAnAGCCGTAAM 225 
226 ACTACCTTTCAACAATAAll i 1 1 1 1 1 i I IGI I lATTGACCATOTAATCACATCAAAAGTCAAAAAATT^ 300 

20 301 mTCAGAAACATCCAGCCTAATATOCTTAAAAGTTAGmCCTCTGA^ 375 

376 ATTAGCATCQCTCGATACTTAGTGCACCATeCATnrC^ 450 

451 TGCCACTTTTOXlATAAnCTATTGA^ 525 

526 CGCGCCTGnimrnAAAAAGGCCTTTTTTT^ 600 

601 AAAGGAAAGaGOjrCACTCGATmTCACCCAGAtm^ 675 

25 676 AAGTATTA(»nA6ACAAAGAACATGAGTTAGGTAGAA6TAAnC^ 750 

751 AAGTTTTAAnGAAGTTGGTCTTCTAGCTmAAACATGATGArrC^ 825 

826 TAAAAGAAGOXATaCTCTaACAAGCGTTAATKTAATCnAAAAAQ^ 900 

901 AATCATCTGnACTCTmGGATT(»ATmACCCAGGACTATA^^ 975 

976 TAmGACTCAnAAAAGAGmCATAAGCTAAmATCAOTAATCAGTGAAAACT 1050 

30 1051 ATGCnCGmATGCGTTAnGGAAATAmTAnACAAACGmcnCTAT^ 1125 

1126 CAlTOCnACAAGATGCCaCACCCAAnCTCAACCATTGCAGAGTA^^ 1200 

1201 AGGACAAATTTGAmACnATCATTAATATAGAGGAGGCnGTACATTm 1275 

1276 CACAATGCTCATAmAAAGAAATCCAATmCCTAGTCCACCTCTC^ 1350 

1351 bu n 1 1 1 AATmCTTATmAnAAAACGAATCAGCATOaGAGACT^ 1425 

35 1426 GTATAGTCCAAACmATGaGTTmCCnGAATmAT^^^ 1500 

1501 ATATTTTAATGTCaCCATCAACnAACAnGGGATCATTGAAGAAAACnATAC^ 1575 

1576 CTCriTTTmCTCTCTTTAmGTmACCCAAAAaGTAGCT 1650 

1651 TTTCTGACTTCAAGGTAnAGAGCAACnGAACCAGAnCTGATCTC^^ 1725 

1726 GATACCAAAGnCAGAAATAGATCAAACAACTCTCCGTGCTmCGC^ 1800 

40 1801 CGTTGTmCTAACTGTGAAnAAACCTTmcrrrrACAnATCra 1875 

1876 nAAAGTGGAmCCAGAATGGTaTAACATATGTACATnGCAAAATGGTGTATAA^ 1950 

1951 CGTCTAATTTAAAGCACmCGTGAAATGnAGAmmTAGaCTCATAATGnAC^^ 2025 

2026 TGAAGAACTTCTCTTTAGTmGTGTAaCATGnGCAAAGGTGAATGAG^ 2100 

2101 ATGAAGTACATGGTTGTGAAGmGTAACTCATmGmACTAmGATGAGCGGTCGC 2175 

45 2176 ATCACGAAnGTmGTGCAnGCTAAAAAATCCCGACATAAmCCTCnaGnAAACAAT^ 2250 
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2251 ATCGCTTTmOGTGGAGCCAGCATTGaCAAACTrrMTAAW^ 2325 

2326 TGAAAGCAnAaCAGTACTTCAAGATBmACCTGTTGTTGCTGCA^^ 2400 

2401 (^MTMTCTmTATAirrrMmCACAAGGm!TAm:CnGATTmMTACSm 247S 
2476TGGMAATACAGCTATmASmCClSmTICTTKC^ 

2SS1 TACATTTmACTATTGGAAmATATOrrCTGTGATAMUGCGGMTATmATCAAl^ 262S 

2626 CmGCAAOMmCCKGAam(^TA7ATCCGTTTGGC^^ 2700 
2701 TWCGATTmCMGGTA^ 

2776 (^riTTcmnc(MuasGCGTAucmAC(AnccrmAcn^ 28so 

2851 STATAGCimcmCACAAAGTSATGTTGCTACWmxn^ 2925 
2926 mCTACGSATaTCCTAATTmMMSAeTGTSAT SC TT LI ILI I ICA CTGGCCACTTCTGATTmMAAAG 3000 
3001 TmmAAOmTTmAiXCKmKmTmTAmCTGTQSASTTmACAgmT 3075 
3076 TTCCJCAJGAAAAAATTGAAAATGCmAAGAAAGGTASCAATGA^^ 2ISO 
3151 TSAGCAATAAGGAAmtTnAmmnnAATAATO^mTQSBTATm 3225 
3226 TTAAO^CCTGAAAGGAAAGAmCAAnAATimmnAAGMMTmC^ 
,3301 TATSTIXAGGTGCAGTlMACTmmCCACAGATACmCTAAmAO^ 

3376 TAAGSrmATIXMTCAAAGCTTSmCAmmTAmtmCO^^ 3450 
3451 (^AAGTCmTAATmAaJCCmATTamAmASAACOUMGUSCAG^ 3525 
3526 TTSATmAmCTTCTSACACACACAAeTSCaACAAGUUAAAGTGI^ 36OO 
3601 CSTSCmAGCOTAAGtXTAAASAAATATTmnaCTT^ 3575 
3676 TAAnAAermTAACTAACGAAAATGAeCCABTTTmAmAIXmACAA^ 3750 
3751 CMSBT GGACSAmA l^TSACACACrAAATmGAaTATa^ 3325 
3826 TmAGATTminmAAATATlXTTCAACAAATATlXMATAmrATCT^^ 
3901 TGBGTlSCGATASAKCCABamCtmtX^^ 3575 
3976 MmSAAGAAAmTGAASrmrmAI^^ 

4051 ATACTAAAeCA(MGmT7CmCCTATGCTCTBCAAGAST7mAAAQl^^ 4125 
4126 TTAArAAAAAAAAt£GACrAACTGT6STAACAGAACATTG»TeT(JTTBCCm 4200 
4201 WCamTW4C77CCMCT4TC4mMMaA4rcCCC44A477W 4275 
4276 ^TI^ACTATTCATACmmCCAmGTTTTCTmtAAmAT(mTA(^ 4350 
4351 MATATTTGGTAmGmGAAA6TA6TmAGACCAAGAG6nAAamCCrmnmm 4425 
4426 TmAAATmATmAACOAGTCASMCT^mmAATAAAGTCATTSAASMmi^ 4500 
4501 MCCGGGACCTGATSGAnAAAmCGTGQBGCAACAAAGATACACCTCA^^ 4575 
4576 TIXAnAIXnAACAAAT6GmClSaTGCGAAAGAA6MXM7TGGGATAGKG 4650 
4651 mCCSnATATGTCIXTGSAAGATGCTACCTCKSAMTaTmTCTCAAAA 4725 
4726 SAmcmCAAAAACAnABGTAmmcmAAAmTGGAmCATGCKGTiXAnGTmAnGSGAlX 4800 
4601 MCACATACGTAATGCTA(^caTATGCAGCmAGAGmCGAmTAGAGTmGCAGGAAAm 4875 
4876 IMnGATQ^KCASATGAAATCGAAGaGrGTnnAAATmCATGAnACTCGmGATCAA(MCKCm 4950 
4951 rAa7GMAAnCAGGAAaTGGEACTCI^mGAGnGmCGmmnAn(^6GATCCTGAAAATA 5025 
5026 MAAGGCGAAAATCGGmGCnAACAGaTGCTGCAATCGGGGUnArGAATCTCnGTmGAGTTTAGATT 5100 
5101 CTmATAATMTGACAACCACGAGTAnCGAAGATGnAAATTTGGGTAnGAAGCnCATGGCCnCGCTAT 5175 
5176 CrAnGAnCGnAAAAAA Gmcm CAAAAACCAACTTGGAATCnTCSAAGCTAAATTGGSTAGCATATTTT 5250 
5251 ACCAATACCTACGGAAGGATTCTm6CTGAAnGACGGAGCG6CmCAAC(XnGTACGnGATGCTGCTACAG 5325 
5326 CAAnGCAAACACAGGCGCCanaCCCTATGAmmTGATATmATCTAAGCTGCACGCAATTAArGACT 5400 
5401 TTAGTAGGATTGCTGAAACTGAaXAATrGmCCGACAATCnGATATTGnCTTCGCCGTCGGCTTAGCCAAG 5475 
5476 TAG(nCCGTACGGTAAAn(^AGCACW^T(XTGKaCTa<CnAGTTGGCTAm 5550 
5551 ^GAAAACTGCTGAAATATATCTCGAGAnGCAAGAArAKT(XAAAAAATGGT(Mm(yiAAGAGCCn 5625 
5626 CCATCCT(MAG(MTGGAmAGATAAACCG(JAG(MCAATAGAGaCGCACAATGGTGGTGGaTM 5700 
5701 MCATCGTAAAGCTAmCTGAAnGAATTTTTCGCUAATAACAACATGTTTGAmGGTTGAm^CAnAAG 5775 
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5775 MAGACCTAMAATC(^AAAeAAACmAB6AMKCAmAAAISMA6TmC^^ sbso 

S851 T(XBMAASCTGIXCMlEGGAmMEGmT^^ ^925 

5926 GTlMAATACGCAmmTCniXCamTCGAmnMTGTAT^^ sqqq 

6001 MCAEAGCBMCGATmTAAGJSEJGAmAmJMTCBCA^ e07S 

5 6076 GTMMATCATATATATGmGTATECCAAAATTECTCACACTSTGIXTmm SISO 

6151 TATaAAASmACG&CGAAAAGTAC^^ g22S 

6226Am^TmmCGCCmmTGAAAAmCKAATACJTTrmmT^ 6300 

6301 CAmTGCUTCCAAATAATAAAtmTATAAAATTTTGGMCATATAATTBCAAAOmS 6375 

6376 GStMACGCTATGGCAAnAATGSCAACAATAmKmJKTOU^^ 6450 

0 6451 TAAATGTmAaTTCTAGGAASCmmJGTCm 6525 
6526 TCAnMm^AJWTTM^ gggg 
6601 ATTTTCGU.I I III 1 1 1 WTGATCaGTAGAm/CTCAnCCTGaAAATCATTmAGACAnACTTTACCAfi 6675 
6676 CTAAAGATGaAAOGAfiCrAGTWnATCaTTTCCAAAAACTCAGCCT^ 6750 
6751 TGfiATATMTGftAaCTCrrCAAAAACCAAGAAAAinCTAanAGAGST/UXGATim^ 6825 

5 6826 TGTa»AACCCAAAGATGATCnCCTAAGGATGCTAGATTWTGGWmAATA^ 6900 

6901 (SMABA^CAAGMmMMi^feGMcmrm^ 6975 

6976 GAmATaSAATGGCTAAATaTACTCGTCCAmAGAfiAMTTTTOTAAAAAGCTATAfi^ 7050 

7051 CCATATCATATCAAGAAATCAAA(TOTTTASACTTn3CACTGC^ 7125 

7126 AGAAAATCTTACCGAAATTTCCTCCA(nTTmATSA(STGGTnGTTBAATCm(^^ 7200 
) 7201 TrACTAGTAGACAAAACTATTGCCGAACmAGCAGTAATGTCAATACrimrrA Lbl 1 1 l(jbm I IGG GASATC 7275 

7276 GCCATCGCGAAAACATATrGTrrGATGAAmACAGGTGAAGCTATCCATCTO^ 7350 

7351 AAGCTCnAamGAAAAACCTGAAAAGGraXGnCAGAnAACTDVTAATATGGTAW^ 7425 

7426 CA(mA7GAAGaSGTTrCAGGAAAGCTAQCGAAATAACGATa:GGOTCnca^^ 7500 

7501 TGAGCGTAaAGAGTCriTCaACATCATCCmAGTCGAinimTAGAAAa^^ 7575 

1 7576 ATAATBAAGCAAATGAAGTmCGATATAATTCGCAAAAAAmCAAGIXm 7650 
7651 TATCTATTGAAGGGCAAATTIMJAATTGA7DWATCTGCTGT0\ACCCAAAAAA(^^ 7725 
7726 OTGGGCTGCTTATrTCTAGCATmAaAACAAAAAmCAATGAACAAQCTACCCAnAnAAACnATGATT 7800 
7801 TCAATCGAAGATAimAmAnAATCCGATGAAGAAnntGCTGAimrTCAAmC^^ 7875 
7876 CXiAmCTAAATCGTCGAnCGCTTAAATAGGGWaGGCTTmCTGCATTmCTCTCGTAAAGC^ 7950 

I 7951 ATTGAAAAAAAGCTATATCTGmCT6AGTCATCATaBAATCAACAATATATm60«SATCGAOT 8022 



In italics, sequenced by Sedton et ah 

In Bold are those bases deleted in Seaton et ah (2499. 22501. 2507. 2509) 
Underlined are the two bases either side of a single C insert (5918/5919) in Seaton et ah 
(I.e. the incorrect base not shown, but the one residue either side is) 

35 Sequence ID No. 4: rad3 protein 



I MSQHAI(RKAGSLOLSPRGLODROAFGaLI(EVLAU)KEHELGRSNSLPSMTSELVEVLIEVGLUFKHDOS«^^ 75 
76 ISPKMLICEA>tSLQAIJ1LlLia«PTVLR£IICSSVTLmWILPRTISLFADIW^IKLFDSLKEFHaiYQLISQ^ 150 
151 FLVCLYASFWYWKYYITNVSSIVLOITNATFPYICHPSPNSOPLQSISPNYPTHREDICFDLLI INIEEACTFFFE 225 
226 SAHFFAQCSYLKJCSNFPSPPLRAWnJIKPCFFNFVILLKRISIGOSQLFLHLHSRIVQTLCCFSLNFIYHGLPI 300 
301 CEKSKHILHSSINLTLGSLKKTYTVANTAISLFFLSLFVLPKTVAGLFYPFGVSLLSDFKVLEQLEPDSDLKKAI 375 
376 ILFKCRYOSSEIDOTTLRAFGEICTGKLENTLFSNSELNLFLLHYLSLDNDLSNILICVDFQNGHNICTFAKWCIN 450 
451 NMLDEPSNLKHFREMLOYYSSHNVTISEDDLICNFSLVLCTHVAKVNEKTNSIFRTYEVHGCEVCNSFCLLFDERS 525 
526 PFKIPYHELFCALLKNPOI ISSSVKQSLLLOGFFRWSQHCSNFNICESMLSLREFINKALASTSRCLRVVAAKVLP 600 
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601 IFIWSPfWLOIVEFHKESKALIFNTUIUVENTAILETVILSMISI^RVVEEEElJIFVLLfVIS^^ 675 
676 GIGl^(X3IASTRHISmLSPYWPTOVAIV0GMG)aP/y/«t« 75^ 
751 MLimA£L50SDrATLCLTm«ILASLLTTDmLEE5miLSlATSDFEKVDLTSUJlSDPISimLLQ 825 
826 Lm)VPHEKimLRKVmVSOVmEDLSNK£aYDfTmiLGIU^FSNJLWLKSKTSJNEKim^^ 900 
901 EKMLSL(X(mLGU>QILSNLQSAFmHLRmmyFSUUTKEPEYmJ^^ 975 
976 LYIQimiSSOmCLQGUaiAIPJSLDSACFSLKAKEIFCSLQmFYSBLQSmCLmEN^^^ WSO 
1051 £LFF(3AKW£LWTLNLDISN£VimUiCLLDCCVKrASTmiSYlAAKNL6^^ ms 
1126 LDNFENGEESLKFILDFMQmPAFLmDTKAXFUYALOEFLKUSGFKSAVlNIUXGLn^ 1200 
1201 SmUPFLmYHLWIPKIDIRYPlYKEHmHTmiLFSUUJIEYAHSCmKIFSICSKVVKDQEVNIPCF 1275 
1276 LLPFLVUIVILTESEtiymiEEFOLVINOPGPDGUJSmiRYTSFVDYFFKimiMKUUimwm 1350 
1351 AIARKENPYMSYEDATSRESSlSXYESFLSRFPSKnGmLNCGFHmLFYXmmTAPYAALESDYRYL 1425 
1426 QEIYAGIDDPDEIEAY5LNFmYSFDQQULHENSGm)SALSCYEniQKDPEimju:iCLL^^ mO 
1501 VLSLDSFimiWEYSKMIJJLGIEASi^LSIDSLKKCLSKSmSFEAKLGSIFYQYUU^ 1575 
1576 VmTAIAmmAYDCYDILSKLHAINDFSRIAEmiVSDmiVUmSQVAPYGKFmiLSTHLVGYE 1650 
1651 I^KKTAEIYLElARISRimFmFNAIIMHDLDKPlATIDmmmmAISEL^^ 1725 
1726 VDEHEERPKNRKETLGNPUCGKVFLKLTmGKAGQLGUOJLETYYHKAVEmE^^ 1800 
IBOl KLPVNEOSERFl^VTRIItCFGRSLYYinKHIYESMPiaiTLWLOFBAEEUaj^^ 1875 
1876 SLEUVeNVaU^IPQYFFLVALSQHISRVCHPNNKVYKILEHIIANVVASYPGE^^ 1950 
1951 RGKSILNVLHSWCl^SKVOIKAI^QSAILITEKLINLCNTRINSKWCMSLI^^ 2025 
2026 DIUPAICDANRASHYPFPiaQPTLLKFEOEVOIMNSLOKPRmVRGTDGNLYPFLaPICDDLR^ 2100 
2101 ICKILRKDOEANRRNLCIRTYWIPLHEECGFIENVNHTRPFREILUCSYTO^ 2175 
2176 G01FEmLPKFPPVFYEWFVESFPEPNfnmSR(ma?TUWlSIVGYVlXLG0RHG£NILFDEnGEAI^ 2250 
2251 NCLFDK(lTFEKPEKVPFRLTH»1Vim3PTGYEGGFRKASEimLRSNQ0TU^ 2325 
2326 SSKYPNMEANEVLDIIRKKFQGFMP6ETIPLSIEG0I0EL1KSAVNPICNLVEMYIGWAAVF 2386 
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CLAIMS 

A polynucleotide in substantially isolated form capable of hybridising selectively to 
Seq.ID No. 1 or to its complemem. 

A polynucleotide according to claim 1 which comprises of Seq.ID No. 1 or a 
fragment thereof. 

A polynucleotide probe which comprises a fragment of at least 15 nucleotides of a 
polynucleotide as defmed in claim 1 or 2. 

A polynucleotide in substantially isolated form comprising Seq.ID No. 3 or its 
complemem. 

A polypeptide in substantially isolated fonn which comprises either of the sequences 
set out in Seq ID Nos. 2 or 4 polypeptide substantially homologous thereto, or a 
fragment of the polypeptide of Seq. ID No. 2. 

A polynucleotide m substantially isolated fonn encoding a polypeptide according to 
claim 5. 

A veaor carrying a polynucleotide as defined in claim 1, 2 or 6. 

An antibody capable of binding the polypeptide of Seq. ID. No. 2 or fragment 
thereof. 

A method for detecting ihe presence or absence of a polynucleotide as dcfmcd in 
claim I in a human or animal body sample which comprises: 

bringing a human or animal body sample containing DNA or RNA imo contact 
with a probe comprising a polynucleotide or primer as defined in claim 1 under 
hybridizing conditions; and 

detecting any duplex formed between the probe and nucleic acid in the sample. 
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10. 



11. 



(a) 



(b) 
(c) 
(d) 

12. 



or 



(a) 



-47 



A method of detecting polypeptides as defined in claim 6 present in biological samples 
which comprises: 

(a) providing an antibody accoiding to claim 7; 

(b) incubating a biological sample widi said antibody under conditions which allow 
for the formation of an antibody-antigen complex; and 

(c) detennining whether antibody-antigen complex comprising said antibody is 
formed. 

An assay method for screening candidate substances for anti-cancer therapy 
which conqmses: 

providing a polypeptide of the invention which retains lipid kinase activity and a 
substrate for said kinase, under conditions and witii reagems such that the kinase 
activi^ will act upon the substrate; 

bringing said polypeptide and substrate into contact wiUi a candidate substance; 
measuring tiie degree of decrease in tiie kinase activity of tiie polypeptide; and 
selecting a candidate substance which provides a decrease in activity. 



An assay metiiod for screening candidate substances for anti-cancer tiienpy 
which comprises: 

(a) (i) incubating a polypeptide of tiie invention with anotiier as 
polypeptide of die invention, which may be tiie same or 
different to tiie first polypeptide, under conditions which allow 
flie fust polypeptide to bind to tiie second polypeptide to foim 
a coII^)lex; 

bringing tiie complex tiius formed into contact witii a candidate 
substance: 



Oi) 



and 



incubating a polypeptide of tiie invention widi anotiier polypeptide of tiic 
invention, which may be tiie same as or different to tiie first polypeptide, 
under conditions which allow the first polypeptide to bind to the second 
polypeptide to form a complex and in tiie presence of a candidate substance; 
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(b) detennining whether the candidaie substance inhibits binding of the fust 
polypeptide to the second polypeptide and 

(c) selecting a candidate substance which inhibits binding of the first polypeptide 
to the second polypeptide. 

13. A method according to claim 12 whettin said fust polypeptide can be distinguished 
from said second polypeptide. 

14. A method of treating cancer in a patient which compiises administering to said patiem 
a therapeutically effective amoum of a candidate substance selected according to the method 
of any one of claims 11 to 13. 

15. A method of increasing the susccpdbUity of cancer cells in a patiem to chemotherapy 
and/or radiotherapy which comprises administering to said patient a therapeutically effective 
amoum of a candidate substance selected according to the method of any one of claims 11 to 
13. 



16. Use of a candidate substance selected according to the method of any one of claims 
11 to 13 for the treatmem of cancer. 

17. Use of a candidate substance selected according to the method of any one of claims 
1 1 to 13 for increasing the susceptibUity of cancer ceUs to chemotherapy and/or radiotherapy. 
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